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ADVERTISEMENT. 



rilHE work, of which the First Part is now presented to 
-*- the Reader, was originally designed to supply the 
Students who were attending the Course of Lectures on 
Chemistry at King's College with a text-book to guide them 
in their studies. 

The present Part, on Chemical Physics^ is devoted to 
a subject upon which no elementary work has appeared in 
this country since the publication of the excellent Treatise 
of the late Professor Daniell, and in attempting to 
supply what the author, in his own experience, has felt to 
be a want, he ventures to hope that the result of his 
labours may be found useful to persons beyond the circle 
of his own immediate Class, Much new matter, which has 
never yet been reduced to a systematic form, is now pre- 
sented to the Student, particularly in the chapters on 
Adhesion^ on Ileat^ and on Voltaic Electricity, 

It is proposed to complete the work in Three Parts. 
The Second Part, which will be devoted to Inorganic 
Chemistry^ is expected to be ready by the end of the 
present year; and the Third Part, which will embrace 
Organic Chemistry^ in the spring of next yean 

As the author was originally a pupil of Professor 
Daniell, and was subsequently, for several years, asso- 
ciated with him as Lecturer on Chemistry, it has happened 
that in some of the subjects treated of in this volume, 
the thoughts and mode of arrangement resemble those 
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adopted by that distinguished philosopher in his Intro- 
duction to the Study of Chemical Philosophy, 

The Bccoud edition of that work was published so far 
back as 1843; and even if the work itself had not been 
long out of print, the progress of science would have 
detracted greatly from its utility as a text-book- The 
adaptation of that work to the systematic teaching of the 
present day would have involved changes of an extensive 
character: moreover, every teacher who takes an interest 
in the progress of his class has his own views and methods. 
The Author, therefore, judged it better, after much con< 
sideration, to bring out a new work, leaving untouched 
that of his late Master, as the true exponent of his views 
upon some of those branches of science which his re- 
searches had contributed to advance and adorn. 

The Author cannot omit to avail himself of the present 
opportunity of expressing his obligations to his friend, 
Mr, C. Tomlinson, for many valuable suggestions, and for 
the warm interest which he has taken in the progress of 
the work, but more especially for the devotion of no 
inconsiderable portion of time and labour to the revision 
of the proof sheets. 

King't College, London, March, 1^55. 
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CHAPTER T. 

ruruuiKAiiv vikw or ciituicAL ArriKiTT — laws or coicmn^tiov. 

(i) Chciaiuil D'%9twliott of StoJUtk into ElemenU attd Cotn* 
potauU, — MocUrm Acioitoc Uns ftftowti tUut, niunhcrtestt lu arc tlic 
•ubetADOM iirenonted to lu in the duUy cx|ic!ni'ncc of life, there ore 
TCty f&vt witich r.anix>t W cvpurated into other kutistauccc of a \etuL 
rOfiipjL4?nto(l lutiirr, wliu^h 4'iiU'r p^nt'rnlly into thi- forniMton of 
tUr vAriotiA tvitlir^ witli vihich viG arc familiar. Fnr *t«ftTnpli*^ the 
voivl nf nnr tabU^n, ilie paper od vhich. »e write, Uie pii vhw4 
n:(^inU our tliiiunht^, are each Mrpnrablc into three or fnitr cl)Mtkiu*t 
iQlwtaticca; namely — oiygL'ii, hvclmgcu. carbon, and tutrofren; from 
vliidi, Iiowfi'cr. funhci* t-florl* hi\ to t-xtntct other simpler forma of 
natter. It is tlic proritu^ of uh<-niiitr>- tc OMX'rlaui the iiatuti! of 
Ok-]^ (liETn-cnt con4M>iK-iit HuiiKtauoeK, to trru'v their timtual actimu 
on Cftcli other, to i'ft<"Ct new combiuationft of tliest- eomponcnw irith 
each other, anil to defiitc the eomiitious utidev whk'h the ci>nit)iiia- 
tioDii r.\intiii;; arouud ua are producible. Botiit^ wliieh liave 
hillierto reMMi-d all atteniptrt to nsolve them into Ainijiler furni^ of 
matter are in chcmieal Ungua^ termed cfematts, or simple sut* 
si4mcts. Ill |jopular Isti^un^e, the wtn^l eJcincot ie ofU*ii referred 
tojfrf, air, earth, and urater. A.Tery iili^Ut acquiuiitaiKX^ with 
cb4*iiuMtr>' 1^ iciHu-ic^iU to ^imve tliat air, earth, and water «» couu 
po-jnd bodiiw, nnt\ tliat tire id oaainly tlie result of Itigh tie:n|>eTntiirc 
UD certain IkkUi^. 

Simple or eJemcoitary Bul^taiicea, then, are limited in tiurn* 
bcfp In the proseiil a:ai« of t!»c SL'ieaec only si\ii-one arc 
ltiiu\ni. (j'i) Many of these are faukjIiAj' to us in tlie fbnu of 
BictiUs, auicb aa ^Idp silver, eoppcr, iroii^ lend, tiu, and lui.'n.iu;}^* 
aiv other umplc aubstanccf which arc equally familiar^ but 
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cuutrncATiox or xikubvts. 



wUkuli bftve no meiiitjlaiu'c to tlic tiK'taU ; sucli tut cliurooid^ Htilpknrj 
antl pLoAplionu. Sonif simple KulMtuutre* *xi*l in tbo ibnn of kir 
or ga>t. Siidi^ for tf^fltnjil^, »rc t)je Iho efi«etitiB- fum|)imt'uU of 
the atmospbav, QXfgm awl nicrogen. 

Simplr subetaiicc^ h&vc tx-cn dividrd into two ^reat claft«<>^^' 
non-Tneta/tic ami uirtaltir. Tic j<iilMtttiieo« comprised in the latter 
cla*» Are the more* inimerouji, but tLo«; ih the forniiT ait? the rooro 
abiuictauUy diatributed. 

The eleoicnts enumerated as uon-inet^Uic arc tbirtevn iu num- 
ber—™., 

Silicon 



r 

1 



Oxygen 


Chlorine 


Sulphur 


llydro^n 


llroTDinc 


ScJcitiiim 


yitrugcD 


IchUiic 


P]u)B4ph<>niB 


CiirlMJTi 


Fluorine 


Boron 



Of tlw?fte HuhbtanccA, oxypcn, hydrogen, nilpopen, rbforia^ i 
ptolttbly tiuorine arc i^aseous; bromiiic is liquid, and carlioti, loHinc^ 
fiulphur, selenium^ phoepboruB, boruu, atid «ilicoD, arc fiobd at ordi- 
nary tcmpL^raturoj^. 

All tiAtuml ifbjcctA 4*uiiM3iL citlirr uf viniplr IhjiIicv, or tbcy are] 
uunipcjKCil iif Vn\9 K>T uLurc uf ilit^ne simple IxhIii-b uiiiUhI iiccunlin(if j 
to ctTtuin ru]t^s or burs wbk'b form the f;rx»iii()>vi>rk i>f Uw HCJmccj 
of 4:JK;mUtr}'. Sub»laiioc» thu» produ<>cd by Uio uuicm of ciah or 
tnori! denii^ntH ftrc tcrm€4.1 comjfOtrnJ bodice. Tlicse c-otn|>ound» 
liArc in |;ciLcrai tk> more rc«<-nibljLnoc: iji pix>pcrtic« to tbc trlcmeott 
wliic}L have uintcd to form llicm than a word has to tlio IciUira ^^^ 
whidi it U made vp. ^M 

(a) JKffertncfi* httu^fi-n PM^^'t^etl and Clicniicai Prttp^tift. — 
H^c proprrtim whieb chanif^teriKO obji-cts in gmuTuI, wauj ]jo duaed ^^ 
uridrr two hfwU, y\^., phijsit^l atui ch^rrticuL ^| 

Tbi* plvHuyJ |nttj>ertierK of nn objeti an* thow^ vbieh refrr to 
ita rrnulition, whetlier aolid, hquid, or gawoua. CryntAllino forto, 
specific ^vity^ bardncss, colour, tntnaparency cr opacity, and tho 
relations of the ol>icct to beat imA electricity, arc i>hy8ical pro- 
perties. Physical pro[jrrtic* are in(L'|>i*n<k'nt of the action which 
the body czccrti upr>n otiter bodies ; vliilttt the chemical properties 
of the body relate cuftentially to itsi af^tiou U|Km oihor bodicx, aial to 
the permanent changes vliich it either e:kj)cneuces in iitfelf, or 
which it effects upon them. For example, in indicating lt»e pliyai- 
cal propertk-4 of sudi a suli!«tanr^< lut stdphnr, wu shoidd rr?fnr to its 
brittleneHS^ it« faint poirultJir nmHI, ydlow colour, cry«tidliiic jE^truc^ 
tujc, its scmi-tnm»pare)icyj the facility vitli ithich if nibbed it' 
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ejOiibito cl<^'trical KtU^sctioii, aiul bo oii ; but if «€ irotJ«1 tukc nolo 
of Uie (-Iteiriical iirti|jL-TtitSt il woitI<l be lacrmAiT lo rcfis' to iJioet; 
ojicnuioiia by wliicti the boily luiiollj^ Iiccxmim« chaiij^rfl, and Icmcs 
tto diatiiLccivc phvMcal cliwikctirra — Aicli lu tlic cowg wLtii wliicli tt 
kes fire, tlic rapiditT %<ritli vrhicb it iiniUv witb wlvcr or copper, 
■crisUy if hcat<^i)» ttA inHLilubitity in vr&tor uul iprntj uui it» 
•oluhiUty in turpctitiiu? or in aJkaliDir liqukU. 

ll in not Uowtv<?r ftlira\'« ]>ovtibli^ to <\tw ihc Uue beCveea 
pbj^HMw tu%\ oh<?ini?itry; thin i« of the li^m intporrtanon, Miife tbft 
riketniol DAturo of any subtituice ctnM 1>o but tnipevfivtiy Htodwd^ 
villioiil A tolerably L?om]>lete knonWgc of its lc:i/liu;r [>liymca] Ab^ 
nu:t€fs, nhicb arc thow by which it is most readily dcfiflctL 

(j) Pl^ysicai Siatfm <^ Maittr. — Natnml objects ore pmeiiti:«i 
to u« in three sWeat, or phyucml coiubticniii — r\%., tbc mVul^ tlie 
Hqniil^ and tfcc gattout, aeriform, or vaporous- Evtiy snibfiUtK'e 
exl^lft in one or oCluv of tk^e condttiotut, The nun^ body miiy, 
oAm ASMum^ aiiy one of theae co[uhttDn» at diSrreiit 
nco, and inay poiw &oin one to the other for au iudolinite number 
of timea, aecording su it is expoeod to a greater or lev dcgrvc of 
nliart. Tee» irfitcr, ami ntetm tac M the ^amo material in lIinT 
ent stato<'. \Vhielie\-er be tiic form that matter ^Kwiimi-*, it 
fttwmtK n?tiuiw that atlmccion ft>r thr i^arth wliicb ^vcn it weiglit^ 
whether n^Me, a« in the Htat« of w or uator, or inviruhle, oa in 
tbat of Mteam. A quantity of ice or vmti^r ibnt wi?i^}ui a pounds 
will fltill, aa ftteam, be equally a pound in weiglit. So it la 
^vilb all f^aACfi; tbc ur. altlioiii^h iniiniblc, ia not the Icca 
abl^ of being wei^tictl and iiicA^iireid. 
(4) Ponmty — Dfvisi^Utff 0/ J*/rt//er.— Natural objects, 
cf whatever Ibno, nrc o>i]q»fk«<Hl of purdclm vbiL-li arc ni>t 
in actual oontact^ but arv M:^iAraiv*l by vpacov 01' iuicmdA 
tcnnril pores, A himp of isu^or or of Milt » at tmcc 9<xfn 
to conjtiflt of a coUcL'tion of siiuiller mdid [lartEch^ji, with 
iuiarrebiuf; apv.<c» ; but tlio poruoity uf such bodii.-^ ns u-at4--r, 
of apiritof uine, or of iron, is not ao obrioiift, altliou^i the 
lie* of the pmpcTty i» not letm certain. Tlie poromly 
fipirit aiul of water may be nhovm an fhlloiTH: — Tako a 
ton^ namiw tultit vith a mnpk nf biilfw btitm in it, and 
fnrnUhnl with an nronmtf-ly fitting sktupjirr, tv- rvprrsent^ 
m fig. I ; fill the tu)>^ and loirer bidb with wMtcr, 
tlien €anH*iilly aiul completely fill up the upfter bulb and 
ntck witli npiril of mite, and insert the 8toi>;>e-r. Tlit 
atructore ai the 8|>paratiiSf and the different deoutie* oi the 
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twnlU|mrU, piwoiit tlicm fromniuini^j hutoii liuitiiig tU«tubei 
tUrmi And linrk ngnin, iUrivi or loHr tiuio)^, «jo aw to nt\\ the epml 
mnA iTftior tlioronglily, and ih<rn hnMiiig the* inniriiiiK'iit widi the 
biillu (Uvwtiwnrilii iin i*m]yty icpnoo will Tie tfvn in tlic tube ftf 
the'j' harr? \^*tn thii* n»x<"il, tOmvnnp llml tlii-y now ofmi]r 
lew A|i]U% thui k'fore; lliut thnr partictt-H an', in fiu^ H(v 
toc^ther. I^nMif^ of poro^ty ar? aflbTde<l even by the dk^ji; for 
cuJDple, maj»y of them become more compact by hainiiKririif. ^ i>4 
til© ca*c with platinum : all of tl*eui, not excepting pbtiuum and 
gold, two of the densest forms of matter, hovrcvvr eold they may 
bp, Kliriuk into a undlrr wpaec* irlicii reiidcrwl irtill colder- The ^ 
idtiiLtiite purtulrv'< tbrn-fon^ rannot be in eontAct, V 

WliiLt the real Ki/e of the»e ^Jtiuiate ]iHjtioliw may l>c we h&Mi 
DO means of (let<'nniiii[L^, iiUluKigbj a-s mill be nei-ii bcreaftt.% tbcre 
are atrtiiig ^rounfls for belieiiu^ that the divtMbilily of matter, 
citroroe as it b, lias ita assi^cd knd dctinite liwtta. Kiiterictice, 
bowcTer, SHhoirs thnt whatever l>c the form of matter selected forj 
our eipcnmentSf thut djvinbitity may be carried to an exceat^ 
ubich tmnsceuds our [>oiFer& of comvplior. The diviKtbdity of gold 
ii olten g'tviii in illu^ttnition of tbiei points In the ordinary procena j 
of making gold lejif, a stingle grain of gob) » liainmen'tj out imt 
ii cover a M|nare space aeveii i»cJie» in the Hide. ICocfa N]ii4iro^ 
iucb of (lib may be cut into ico blhji^, uud eatrb Htrip into loo-j 
pieet»r each of wbieli in diatiuelly viaibJt; tt> the uniudtxl i-ye. 
■ingle i^rain uf (!old may tlius, by meebamcal lucaii^, be subdivided 
into 4^ n ICO V ICO * 49OPOO visible picoM. Bui this is uot 
all ; if attaclied to a piece of gliv«( tbu* g^td leaf mny be •uhdiridcd 
ntill fiirtlurr ; 10,000 linos* may he niksi in the f^pbcv* of one nin^lc 
itiehj M> a Hjtiare inch of gohl leaf, 1^0 of a grain, may be ctit into 
J0|000 timcw 10,000, or 100,000,000 pieocv, or nn entire ^rain intoJ 
4,900,000^000 fraj^ments — pucb of wbieh ia visible liy meaiui 
the mieroMV>pe- Yt^ we are r|uile sure that we hare )w>t evwil 
aji^rcmrhed tbo ptftaible limits ai' aulkdi vision, berauM?^ in eoaliuffl 
silver wire, the covering of gcdd is far tbiuiier than tbc pold leaf ' 
originally attached to it, as in drawing dowji tbc gilt wire the gold ; 
coBtinttcA to beeome tliinnvr aiid tbintier each time, Ln )>roportioiiJ 
as the nhcr wire iiM-lf \v rriluced in thicknc™. When n nidwtaneo [ 
\s di<«^lvcd in fliny liquid, the !*«ibdivi*ion itt carried fttdl further, 
idnce tbc partirLrs are reuden^ ao minute a» tococape our eye-Uf^kt ; 
even when aided by tlie most powerful m^gniliorH. 

(5) Fijri>/j>s 0/ Attraction, — 7^!ere meelmnical subdivision, orj 
even the more perfect eepamtieu of tlic [mrtielos wliicb oompoec a 



VAKTETTCa 07 AITBICTIOX. 



com pound body, b)' the fwocots of solution, dooe Dot, bovcvcr, nofficfr 
to pill im 111 (M-miiwii^iou of the simple fliiWfti»w« from M-hu^h tlic? 
compoiinfl m f(.innc(l- A pioo* of 1i>n.f-«ngar niny Ix' nxlui^rd, hy 
Iriliirmtion, to an inij>sitpali]<^ p^viltr, hut evt^ry p«rtiHe of time 
pfliudrr vW\ sttU \ir mi^rt it m^T tn^ difuui1vr-(l in wnter, but eftHi 
dr»p of thtr lu|iiid wiU i<ttll i-tiiitnin Mi^nr, uiiiiltj>i^'[i eici'|it Ui iLppear- 
amv. Stmar, bnn^evcr, in c<iTn|H3M>d of three clementa— «u^>oii, 
bydroffctit and dxt|^i ; hul tio tuet^ tiittiration or solution iu 
WAter woald cuable il» to extract any of tLcM sub^taiLcca from 
loaf-iUiKur. 

The exi«t^icc of a body aa a flolid ib one coDtiiinous man is 
OWiDg to tlic cirrlioii of cohesion — a fi>rcc of conaidrnibk- inttrnj^ity, 
hut which viinca» in diftbn^it bodies, %iu\ br thU variation pmdiuN^a 
vari^ttoft in tlic t^jiLgKiic^, bonlnL^w^ aiid brittb'o**^ of bodiesw 
But thtr (lower nhicb uiiitcj^ tW' vniiotiM clitjoiiral elements to fona 
a uev cntupooiui, with pro|)CTli4<» <-iitirely diA'ennit from thoec of 
atiy of itA coELHtitueiitd, ifa of a diirereiit uatare from cohesion, 
and of a iiiore hubtk kind. VAemicai affittitt/f as this fiirei* u 
termed, IS ocrtol betnccii tlie amidlcator ultim&tc parcidv« of one 
ckianit, and Ihc con"wiKnid]np]Miriich.'8of thr other rkmnits with 
which t1 in &««ocijitcil in the p((rtio;dar comp^xitid tiiiik-r oximiimaiou. 
Tli**At altiiiuitJ.* p&rticl«w nrr t^CUm spokc-n iif iw aOnHJi, n t^rai wliich 
inipliei ibac t\w purtU'W ulmit of no fiirtWr Mih-diviMoii. 

TliL- ^-|)umtii)ii of u IxmIv into iti <x»i)!tlituciLts jn tUu hii^iiurM 
of c^mh-mJ ana/rufh^ atid it baa lur tta objt'ct ibe dcfcnuiiuitiou, 
fil%t, of lh<T nature- of the a>TJ)poumt* — Hua b tfaatilativt^ ai^Alyei^ i 
Mcoudly, tbc ikk-nmuaciou of ibdr ijuuutity — tliis bcln^ tftAOHtUa- 
im aoalyw, Th^^ auccowfnl |>crfortuaTioc of thc«c opcmtioiu of 
atialyitis rc<|uirc8 a eomewtial cxumlkivc aoqiukiiitflncc vritli tbo prin- 
ciples liiu) th^ faot^ of tlio science, oomhiucd vrilh oonfli<U<Tnhk 
akdi in inani|v^ibuion. 

(6) Gvnrrul Charatterti «/ Arid»^ Alkaiiew, ttnd ^itM^ — It will 
bdlitnto lh<* PompivhciiKion <if tlK* rc-mflrfLn on dunnirul nffiutty u-liich 
• about to fcilk>w, to nlhirh' brirfly to tbi> gi-n^Tnl rhanu*tf?rH of three 
fj important Hiixini of MilwtatMxw, vu,, arid:/, alkaiirs, and »uiU, 

Acidn ftn? for Uh* nbo«t part nitTintniKrt'tt wliieh di^fiolve in 
wnter. have a Monr Utuxc, and <'.SA*n '*mc\\ aii action on icgf?tabh> 
bine coloiu^ aa to change tUcm to red, for example, tincture of 
btiuus, vbicbisof nhhio colour, is execediD^ly sensitive to the action 
of A ^miill qunmity of acid: fiapri-, [^t&inrd with this tinnnrc. ti 
iti frt-(|M*nt iiw by thf chemist for detix'tiiig tlie pttrMim of ndcU. 

An Hiknii is a aahstoucc possessing mniiy i^ualiticf exactly- the 
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KTBTSe of those whirli bclonf to an arid. It dies-jlvee iii water, 
aiiil prodiioefl a liquid ttliicli ifl tmnpy to tlic touch, aud has t 
pcj?uliiir iiauscom ta«tc ; it rcslort^ the bhir colunr tu vcgHfllilo 
iiifufiioDS which hjivc been nr(li)ni(.<d liy an lUrid ; it tnni» nuny of 
tliatc bluc» to gm-n, ii> in ihi* chmw nf the rerd etibbufn: nnd nyrup 
of noiet«, and it icivi^ u hmtvii colour to vpfcetJiblfi yellowit, nich as 
turmeric and riml)aj'b, Litnim pa[>er, ft^bly reddeucri by an arid, 
U a useful mcaufi of sliowin)? the ppeseiirc of an alkali, and is 
more sensitive tlian paper rtaincd w-ith tunnciic or with rliubarb^ 
which is abo in commcti uw for the ^aiuc putpoBC. These difiis 
rent te»t pispcrs, a« thnr aix- calliii, sliow whether an arii] or on 
alkali be [fradominant m w M^lutiota. 

Viiu^r^ or a<«tii^ ncid, oil ol' vithol or itnlphuric airL<l, Apiriti 
of salt or hydrocliloric acid^ jupiafortis or nitric acid, are familiar 
instanocH of iJie tta«4 of aciila. 

Potash. »oda, and liarlt^honi or amniinia, nre ttutanccs of veil* 
knowu alkalies. lioth acids and alkalies arc ruouirkAbk for their 
gn-Ht chcinicul uctivity. The raetnls, compnct lu^ thry vn^ divvolvo 
ill tlic ariiU. Nitric :U'iil Mtfu^k* w>iipcr quickly anil violently, 
with bnjik rftci'vc^^ccitcc, aiul tlir c4;i|>i^Lifi t-w^upc; of red ftunux, 
whilftt a blur htjtud in fortnrd from the; action. Sulphuric acad 
ahowa Hintilnr ctiirrf^y, if miJccd with water aud placed in contact 
mth iron or icinc, Moreover, these ncida, when not much diluted 
with wat&r, produce iiiHtaitt dartructlon of the akin, and of nevly 
all anjmo] and ve^^etuble matters. The Aolvcut aotioti of potash, 
or of soda, is not le«s marked. Ivither of these aikali(« destroys 
the ftkin if allowcf) to remain upon it ; and aUo gradually diMolvu 
piirtionK of mrthr-mrnrc, or glaw fivjtn the tfsyirlK which eontain 
it, and it riiiirkly ncmme? |>siiil fmni the mirface of aiiy object on 
whi(*h the iuiUtti<iii falls- But the most ftrmarkahle property of 
aoidii and ulkrdicv, ik the power wlurb they have of iinitinjr nith 
each olher, mid dt^troyiiifE or nctUrtifUinff the eht'micitl activity 
which cli^tiiiiritinhr?! thnn whdi Heparube. 

Some of liienft pro]^>eities of aeids anfl alkalie* may be siiH. 
niittcd lo eijicriiDent hy meaiiH of a coloured veK^^'do solution, 
inch, for example, as the purplisli lic|Uid prepared by alieing a red 
eabbn^- knt\ Imilin^ it with water, if n quantity of thi» ttdiisioii 
be divitW into two portioui^, aud to the one be addi^ a qiiautity 
of dilute Mdidnirio acid, a red liquid is obtAtocd ; and if to 
the other a solution of |totiL4li Ijc athled, n liqtiid of a giTen (Xttoiir 
ja formed; then^ on gnwhtaJly luldiiig tlie alkidiiie Evolution to 
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iht tAhrr, Ktnring thn mixttirr frcm^tAntly, tlic^ ^7<vn rolnnr of 
tlie |Mrtir»u fir«t aditrrl iii^ttjiiitly <liiii|t[M'«rAj luid tht- vrltoli^ liquid 
reiuaiii9( nrrl ; noi [n^jn; \m\ nmrtt of tlii< alkali i» adJ^Hi, ikie red ivy 
ibcreeH ittMCs into purijle, and oti coutmuioi: to add the alkAltDD 
aohition, a ]M>mt ia attaiued when tbe Uquid has a clear blue lint; 
ftt tbiatilolDCUt there is ucitber poUu^h nor sulphuric acid in exccaa 
in the liqiud, the two have clu-oiically united with each other. 
Tbe characteristic pn^pc-rticn of Jwth \xnvts di.-«ap}irnred, mid on 
ei-aporatin^ the M^lutioii at a gentle heeit, a aolid crj'HtalliuG Hiih- 
■tanoe ta ohtaiutsl, n?aiikiiig from the iwinbiuatiou of tlie sulphunc 
acid with the potaalu Ttus subfitancc ia the ^t called mlphaUfjf 
potash, Anj- com|>ouiul produced by the union of an acid vith 
au alkali ifi termed a aali. 

It mu^t not be supposed tluit all nciib clo:«Hy resemble tboae 
Whid^h ha^'e betnj«i»l mentioned, ami which are (recly »olable in 
mter; xoiiie ^'ids uu the contrary, arc but Hli^hlly antluble, aueh fur 
Instance is ar»enious add, the white arsenic of the Bho|ja: otlier 
ftcidfl do not diAsolve at all : silica, or conuncn flint, is a tnie 
mcpA^ althouffli it may remain midiwolrcd in nutcr for a^**. Tbe 
leading character of an acid, in n clicnjical wtiim:^ U it« ptivrcr of 
unitiog vrith alkalies to form »fUta: and this eharnctcr ia po^vcMcd 
liT »i]icB, ill common iritli viui<iiu other bodLcn not fanuharly rc- 
ganlcd a» ocidv. Of t»nr!»(; if an arid be inaolublc it boa no itour- 
11001 and in without action on vegetable bliuw. 

There are uo olkalieH irhicb art* insoluble, hut there an> mib- 
etancca vlueh greatly nwemble them which Are bu; sparingly voluble, 
■twh aa linid and buryta ; th«v m termed aikoilnt eorthg. There 
src a la>^'' immhcr nf MiTwdanrrK, <**mijiniiridft of ntygrn with the 
nutalft, tmncd o\idtv, which an- inwihihlein water, but which dia* 
aulvewtth tvieinacidx^and formeryKtalltneoninponnflitor raltx, imeh 
for iiiatmiiee aKOxidcof mIm-t, oxidi^ofii-ou, ivndoxideof lend. AVith 
nitrtc acid tbe oxide of xilvi^ fonu^ nitrate of silver; with kuI- 
lihuric acid, oside of iron luiitea to form ^fx^eu litriol or sulphate 
ofiroti; with acetic acid, o\idc of lad combines and forms 8Uf;&r of 
kvd or acetate of lead, A substance wliich thus itnibw with ncida 
Ud nriitralitcs tfacm, is c^iUed a bast, whttlier it diMtolvcit in water 
or not \ hence the alkalit^v eoiiytituteoaoe aub-divi»ion i>f the mcH^ 
nunieroiM dajt« of hodiea known aa baaea. 

(7) ChafQcirr* ^ Chtmkut Affinity. — Cliemieal atKnity ia di»- 
tinpiiabMl by well aiarkcd cbaractera from otlier kinds of force 
which act vithm minuLc di!?1aucc9. 
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t. Clicmlcal uflinit^ U exerted n-itliin it* uvn liiniU vntli in- 
tense eiitTgT, but l*eyaiid ilnb*c limits it U ctitin;Iy |H>vwh«*. An 
iron win\ for exftnipW, whJcli ^^'iU fitp[>ort a. t^i^-igttt of tooolb. 
witiiout broakiii^T nill yet in m (ev,- ii)iiniU« fw\d to tlie alniost 
noiikelraa aeiiou of a niUturc of oil of vitriol aod water; the flCiib* 
bom mctAl wUl cUsiM>hc, nml a clear solution of the metallic mam 
will be formed — porlick' by |»Hnick willlH? detached from UtP m>n, 
and no vestige ofii* wtnietint; or U'linehv will mnmn. U in rarely 
|K>»ible, by tjitiimtJOii or oilier mccbnnind mnoiA, lu briii); nbout li 
mifTiCictit appmxijtuuioii anitni^t the Mibilividcd jJurtK^leB to pro< 
dnce chemical actiou^ TarT.uiic iield and <^zirbuitatt^ uf auiIu niKj 
l>e incorporated by [rriudms for hoiu* in a mortar, but llicy will 
not ltd clit'iuii-'^dly 0|)uu ciirb other. Lt U not luilQ a more mdmntc 
eontAct it* vflcetod by die adtliiioii of wftter, which diKM>lve« thi; 
portiele^ of both, aiul alloi*'** ihcm TOiituAlly to npjiroach oUmcv, 
tbnt the brUk rflervrsi^f^ncr, fine t/t the expnlnum of the (MirUrtiic 
ncid gxn, <ireitm, n^hich rndtentrji tW iiniim nf tbr Kudn with wlneh 
it viui prrviniuly in <vimbimitiim, vith tlir tiirtunr' neici. 

A very »irikin/ illuotrntiou of tW diirerrnei- Ix'tneeu the 
eflectn of mee)ianical iiitermixiure imd thoHC of ciieniical combi- 
nation i* affufdwl iu the caac of ordiiiai>' (f**^1«*wdcr» lu the 
matiufaeture of thi» substance, tlic matci'iaU of which it is made, viz., 
cbiireoid, »tdphiir, and nitre, nre i^e^^mtely reduced to o Htfttc of fine 
powder; ihey nre then intimately in)u*<l, tDoi«lencd nith nuter, aiul 
thoroufclily iiieor|K>rat<^l by {frindlng for Nome liour^ under ed^ 
staiiet<; the n^ultin^maM4 i^ tiubJB^teil tointe-Tisepn^-(ure,aiKi Llie cakefi 
BO oN&ined, after licin^ brokni up and rcdneed to ;fmina, furnish the 
gUBpowdcr of commerce. In this fctate il is a simple mixturt; of 
nitre, charcoal, and fiid|>hiir. ^V&ter will via^b out tbc mlit* 
Buulphide uf eartxm will take up the suiphm; atui the eluirooal 
will U"^ left iuuli»*oked- IJy e^ajiomtuif; the water we nbuuti mtre, 
and on allowing the biHulpTnde of carlion to vobitilix«, the sulphur 
reiaatii-H, If, bowc^ *t, wc catuie the niateriali* lo enter iulo cbernical 
comhiuation, all is diau^cd; a spark lin^a the powder; a lar^ 
volume of gaiM^ou^ tnatcer u produced ; ttie elmrcoal dLsappear«, 
and ijo trace of the origiiud iiign^dieut^ which fbnued tlic poudo^ 
i» left 

II. From ita rcry nature, chtmucaJ afllmty mui^t be everted - 
between dianiailar »id>etabcc«. Xo umiiifcf^uition of tlii'-^ foTre can 
tako phioo between two pieces of iron, two piece" of co[>p**r, or two 
pieces of w^ilphur; but Tietwct-ii sulphur and copper, or siidpbtiranil 
irou, chcnucal action of cbe moat encr^tic ktud nuiy occur. 
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III. GciKTulW f|kO*kin|;,tl>c frn^icr ibc difTorcncc in tlio proprt- 
lio* of llic tvo lx>cli(*, the tiH>rc iiiirii*(* i» thvtr li-mleaw-j to 
coniljioniion. Tbc mctuU, aa il Aofv^ ili^<*T iw niilcly froDt Uic 
fti^lii ftjt pOKAilJc, Kut Ihc* ncirln mpidly <liau>lv« tkc rootaU. Copper, 
fi:>r iivtAtiov, u liriiikly nttiu-kr?f] (ij: mtnt^ aouI^ iron liy dilute liul- 
pbimf- »Pwl, jiTJil sf> nil. Rt*tiiL-<'ii fiodiM of & vhiiibr charsrter, 
the icndeat^j to union 10 hut feebJe. For exftinple, two iQet&Uio 

ft, to|);M*r &ii() 111114?, vkill^ tmcter tho iuflu<^kc'c of a tii|;h 1en)< 
nturr, imitc and foTiu brass, au alloy, tbc propcrticH of wliicb 
irc intermediate 1»ctwcen tlia<3C of it« const 1 lticiit« ; but brAw, on 
bcuig beaU'cl «troti^1yi may )je a^in m^)tinitc<l into (yip|>cr, vrliicb 
rcuniiiA ; unil iiitn xin<\ ubicli ni'xriy all pa:«e» uA' in vaj^our. 

IV. AttOtlierof tbe itioiit n-in^lcablefeattiroAofchenucalaniaLty 
n Uie eDtire change of iirojx'rtieft viliieh it oocasioaB iu botb tUa 
suhstancefl dealt vitb, a change^wliidi no ^ /rfori reasouiug eould 
pombly iiredict. If the blue liquid obtained hy diMoU-ing copper 
in ttimc acid be cvaporntcd, a hhte ciy«tallin€ salt irill Ix* procured 
wbn-h boA no nscmblaiicG citTu>r to the acid or tc tlie metal. 
There m an i^^iially Htrikin^i^ diflenmee Ijctween tlie tongli metallic 
itifioluhU^ inMi, and tbe corroedve oil of vitriol, and tlio l>€antif\il 
erysi^Uine, grcen, soluble^ iiiky tasted salt which is produced by 
their combination. 

\\ The next important peeuliariiy of this power ttliich may be 
nuticol, iK that it i» excrteil between difTi ri'ut kiaiU of njalter vitU 
diflcrrnt but <kfimtc <Iegri?e8 of ^n^?. Nitric add vill oxidiie, ib«^ 
bulre, and combine uitb moAt uf ll*e uictnl-«, *ii4^b, for iii^Iajic, ns 
Bilter, mrnriirj, cop^^rr^ tuv\ leiul ; but it iiniti> with them with very 
diffrmit dcgrtttfi of intrnnty. ^Vitb xtlvej' tite comlnnation i« lew 
powrrfnl than with ra<Tivury, lean ao with mercury than n'ith copper; 
and with roppor Icab a;n^i<^ tlian with Icvtd. 

Thin fart muy easily ho dctermiu<-d by diBEoUiii;- half an ounce 
of nitraie of silver in half a piul of uai^T, and jjouHng ii^to it a small 
qnniitity of cleajt mercury ; in a feA' day* a beautiful cryHtallLKation 
(if mi^tsttie silver will l»c obtainwl, wliiUt a cr.irrcaponding quantity 
of mercury will har^ dtsmlvpd, ard will bavr ovtmhiued ft-ith tlkfl 
uitnr arid prrrioiuly in union with the silver. In a nnailar 
tiuumirr mercnri' will l*e dUpUveti from a ectliuion of nitmte of 
niercurir- by a xtrip of ourtnllic (dipper; and cop|>i:r, in its turn, will 
hr dtsplnccfl by « piece of lea*! introducixl into a Wntiou of nitrate of 
copper, Vmw. atohition of nitruteof h-iul aiiM: will, in like maimer, 
dbplaee ihe h^ad, uliiidt wilt Ur d('|)0*ite<I to iH'autifnl ( ryMaK 

IcidoGd, the diflcreut elements may he armngr<l m tables iudi* 
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eating tlie order of their affinity for any one element which is 
placed at the head of the lUt. For example^ in the first columii 
of the following table, several of the more important metale are 
arranged in the order in which they exhibit a tendency to combine 
with oxygen, the metal which stands at the head of the tiat haying 
the strongest affinity^ that which stands second the nest^ and so on 
to the one mentioned last, in which the affinity is the weakest : — 

Oxygen, Sulphuric Add. 

Pota&sinm, Baryta. 

Zinc. Lime. 

Iron. Potash. 

Tin. Soda. 

Lead. Ammonia. 

Copper. Oxide of Zinc. 

Mercury. 

Silver, 

Gold. 

Platinum. 

Similar tables may be fonned, exhibiting the tendency of 
compound bodies, such as baaes^ to combine with other compounds, 
such aa acids. In the second column of the forgoing table the 
varioufi bases are arranged in the order of their affinity for sul- 
phuric acid. 

VL These experiments on the displacement of one metal by 
another, further show that, although in combination, the properties 
of the components are masked, and to all ordinary observation the 
constituents have entirely disappeared, yet they really exist in the 
compound, and can be again reproduced in their original Ibrm by 
taking away the substance with which they had combined- 
It is, indeed, a principle of universal application that, whenever 
chemical combination occurs, no destruction of the bodies so 
entering into combination ever ensues. However much the 
materials may change their form, the weight of the new products, 
if collected and examined, will be found to be exactly equal to that 
of the sulffitances before combination- The following experiment 
shows that, even although the substance may vanish from our 
sight, it continues to exist as a gas, which has the same weight as the 
solid which furnished it. Into a glass flask A (fig. a), of about 250 
cubic inches capacity^ and which is provided with a brass cap and stop- 
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oock^ introduoc lo or la gmina of pm- *''^' ^ 

oottcw; ntudi t]i« fliuk to the iiur-|juiiip» 

exluivt it vrry compl^^t^lr, uicl >Acr- 

vanU vroiieh iu Tlii'U Bct lire to the 

cotton by mcaiift of ft voHaic riim?iit lunil 

tlitiiiigti i\if wirc-8, fj d, which nrc iiiMiUu^l 

frnm cAch other ftiid froni the c?np of the 

tnstruiDmit, by punng throti^li u vHnuKlied 

cork. The cuctoo will vutirtrlj iliMi^iiettr 

with A briUiant thuh, uid the liafijt, if 

ne-lKti^t ^Xiun> ^^^1 be foiuid to be as heavy 

lu it in&5 tiefore the cottou vba tired, 

VII. There are two uodeo in which chemical conajkouiidft are 
formed; the fljmplfst ia tliat whviv the two sut»laucos unite 
dirccliy toficther, aa when IiYdropm burm in air, aiid, by direct 
oiiioii ttiih oiygcD^ produces water; or vhai an acid and an alludi, 
p» hydroclilonc acid and aninioiiia, cfmilniie and produce a »alt. 
ThiA mode of comTnnation a-«tiaLly pn^vul^ bcttt<H^i UHhc« whi^Ji 
harv! a powerful tcudency Ui ujiitc. 

Tlie other mode iti which a»m[)c»tmdfl are tbrmed ia Jitill more 
eomiDOn; ii ocsnir» wlierf, in a body already formed, cue of the 
iiiffrcdieiits of tliat body is dbplacod by another aubtUauce, aud a 
new odmpound results. 

Tlic iiLstOEkccs ah'cady s|H.'cificd, in which one metal prrcipitatca 
TOodicr ^)m its solution, are case«of this nature, when new bodies 
mi' prodooixl by the dii^placL'uu-ut of one of the wibttnaccs in a 
i^>iU)KrniHl prcrioiisl) f^nnctt 

Ttiis mnthoci of ft^miing compoumbi by di*pUricmrnt, or mMi' 
tutioH, M ooc ijf grrat iiLportnticr ; nod the Mndy of iC-t vadoiu 
niodcv of ACtioji i» minilly oontrthuting to t1ii.< (iiscoviry nf m:uir 
euhtlt* pTomsfeCH cotK^frmc**) In the dicaiiatry of oT^uuixcd beiiif^ 

VIII, Cticmic'al combinatiua, tu utarfce proportion of caaeA, doea 
nol oomm<^&oe BpoutaitcHftudy. A hea]i of ehurcottl remains unid. 
trred in th» air for yt-iunt; but^ if a few piecca be road? rrd hot, 
aii<l then he llirouti ttjion th^ b^ap, chemical action ifi commeiioed 
by tlw heat, aad it contiuiif^ until the whole maw is bitmod ; that 
ta, the chemical ac6<»i belweeu the oi)'gcn of the air mill the char* 
coal continuea as long as any charcoal irroaiiis anactcd oil. In 
other ttataiicc», hovercr, the clicmieal effect* heffin without tlie 
applicjitiim of any citmneous force. A bit of phot*plionis l>ori'>* to 
htmi ilov'ly the itiMftiit it comes into the atiiio^plKTC, and in warm 
weather it i^>oedily liunta into t hUza, 
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TX. Wliwicvor m>»Unctw mntv directly ^itli ejtrh otlier, heat 

U ilu! c)uuiitktT iif heat eniittt-d iJt a ifiveo tizuo, until, in some coscfi, 
it rises AO hijfh iluit ignition and combustion ciii-uc; light as well 
as licat t>cmg ahiuidautly extricated whm tlic tcmpt^Tatiirc attaicu 
a tuHiciciit (Icgm*, a» all iwlid sub«tancciL, vslwjx hetiXvd bt-yuDd m 
ccrUiin [mtitf betijnic himiiKiiin. 

Wlii'ti r»ni|K)iind[t arc furmi^ \yy MihAtitution, the Ulj^ration 
of Iteait Iti aluayrt tiiarli it^tcft, and \^ m?m<liniea not percf^|itible nitli* 
oul H|K?ciaiooiicri^a]Lce;t. 

X, Very frcqiicully the physiwU state of one or of both tlie 
bodtoa nliicb ciitcr uito coiuMiiation is aJtcnni by the operation of 
chmiical affinity. IVo solids may bocomt' converted into o Lt^uid; 
tn'D iii|u;dj( may Hdidify, or cwn two guws may Ik: n-ducitl tu the 
Kolid rorm, DilTt-'rciiccs of «t«te ux^ UivrHbrc not in all cu>a due 
to dilltTfiHiT* of lrrn|H'nUiir(r, l)ilU'rrna':» in the chrmioui urrange- 
nieut of thv- piirticlcA are c(|aally ini{>ort^it ni briugui^ about . 
jibyBicul dilTt'ivih^i'^ i>f condition. 

Tilt' fori^iii^ U'udiiig ilianu'U'n by ■wbiib rl(t'iin<ail affimty ]i«di»* 
Ibiipiibhcd Iruui ifihtT furuOTj may Ix.' Uiiifl Buiiiujcd u|i iii u few wcrda. 

Chcuucal affinity is a power of exirciuc cnc^rpy, which act* only 
tm tlie minutest ^>aTticl<^ of ttmttor, aiid at distaii^^cs too smnll to be 
pcTcojitihlc hy our luiaidcd eetiw*, Lfndor its iollnciico the compiirB- 
tiwrly few rl<*ini*ntaiy l>odi<» arrang^o tti^mw^lTW mto the numboHcia 
<*ompi>njid« « lii<'Jk t:<JTififilnt(* the* dittV-rw^t fomis of mattrr nrrtund m. 
Aftinily, frum iu vrry nstiirt^, i>j)ri"!ito* only l)4*two(7n thr particlcvi 
of dt»iiniliLr kiiuU of matter, and by itA oiurrtion, ]iru<liut>M Mm 
proiMTli*^ in thr rc-AiiItlTijt; rL>ni|u>iind- It <*\ist» Wtvri**"ii difTi-rmt 
kitids of utnttcr with ilitfrn-nt but dcfmitr di-)cr(^-« of inU'iiaitf. 
As a remill of it« oiier&tioiui, nn dt^^Etruetion of matter ckvuta in the 
materials siibiinltcd to its inHu^iK!!? ; then* :» cousei|ii<'ntly nc Iom of ] 
weight, bill mere elunige of fomn The act of ctinthinaiion may 
cither occiir ijistantly on iniitnre, or may be indi'linittly postponed 
tilli^^nie other fiircc^ hcat^ for txample, conspires to commeiicf the 
acticilL, Canii>ounds may Ik- fumied cither hy tin? diiwt uniim of ^ 
their ingrrdient^, gr by the tiisplacr^nieiit of cue suhiitance by m I 
different one tn a coniponiul previously fumied } utkI Innfly, licftt 
and light, iti anuunit ^jrn|K>rtii>Ticd to the rapidity of tin- iuHion, aje 
geuemtly emitte«l in ea»e» of tho direct union of tlic eowMitiieni*- 

(Ji) LaVTsofCombinaiion. — 'V\\r n'lntlvi^ pni|Mtrliun iii which the 
diffen^it cltTnciits unn*? \a rrgnLitrd hy ii>i'fi laws. These iinjx^r- 
taiit lai(«> wbicb are three in niuulie^*, n^latc the mode (^'combi- 
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uali«>ii of ervrf known chcnueal oompound* Tlioo «re tvtully 
U^nucd/A^' t^itt's of rXttmif-al cowAiwt/hn. 

(y) Tlie tir*l of tlienc Uw* tM the \ttw of I>efinilf Ptypwti&n^, 
wliich altbomgh of gntat iiiniplicily, U (me of fuudAALOutal i]ikport4ui<M! 
to the (u:ici>cc of eWmwtrj-, Tliw law m^y Ko i^tuted in vtry few 
wordji; it M AM foUowH — /i» «^f-rjf rhi'inicai eompormd the nature 
irnrl t^fi proportions t^ iia ttauttfu^ut tflrrnt^ntii tirtf Jwd, tttfinit^, 
and wmnahltt. For iiiAtaune, lOO ]mrtn iif waiti-r ronmiii fiS-^ of 
axjK<ni and m'i of hydrogen. Wlietber Wftt*T Ik- ik^vcd fmra 
t)ie Hiiow« of high iQouiiuim, or from miu*clouiU, or from Avyv%, 
or from dir&^t chemical fiction, ils in the burning of a lamp or candle, 
its coDii>ocfkitioi] i^ uiiiftrrm nud ci'rtuiu. So aUu n ]>icce of dint, or 
of ruck ctvvIaI, in wlmtcvcr (mrt of tho world it be found, will, on 
wifllyw*, yield ui e\"ciy lOO ])«rttf, 4K- jof f<ilu^>u and 5 1 '8 of oxygeD^ 
In fact, Ihc eiutence of the law of definite pnj|K)rtiou» gircs vduc 
10 aoalv^A, hy giTtik^ certainty and uniformity to ita n>idt«. Mure 
meeiiankal intcrmixtuiYr 18 at once di!^Itn;;tli^hed from tmc clicmioid 
cocnUnfttion hy the alj^cncc of all re;,'uliLrity in the propordoiia of 
the bodies that tmvc buen minglM; and in the rame manner cliemical 
aOiiuty si&nd^ ^lron<;]y coatnuttcd vitli that ktud of ndhcsiou which 
prodiLccs the iHihit^ifn of sulid^ m a liijntd. 

(to) 'llic «04X»nd law of <OTiihhiatton in UHually tinned the law 
of Muitipte Proixtrttonv. It tVeijoently ha]ii>en!< that tt pair of 
elouieniiiry bodio* miite lopcihcr in more Uian one iirufioTtiotL 
Tlie eompounda so obiaimxi are very diffcre[it tVom eadi other; but 
thero i^ stiLI a nnifomilly in the plan u|Km which ihcnc componnclB 
atv formed, »uil the g>Tij|>ortii»ii of the two eleinenl« in each are 
Tcjy nim^ily rcUilod, TIk law of ninltiplc proportion may be thns 
9tmicd:—(f iwt) cirtnenJtt A and B, unitr tagrtthtr in fnorc pntpt^r- 
HoftM thQJ9 ontt on CGmpttritt^ tof/ftAcr ^tiantitief 0/ the difftrrent r^m- 
fH>tuui*, tach of which eOHtains thff aamti agnotint ^ A, tht^ ^nttntxtit^ 
t^ B irt// hear a very »impte rettdhn /o each other i tmcli at 

A + B, A + 2B, A + 3B, A +4B, kc.; 

or, 2A+3B, aA + 5B, aA+ 7B, 6ec.; 

OT, A-fB, A+3B, A+5B, &C, 

W&t€T, for instoncT, U a compoiuul of oiygeo and hydrogen ; in 
100 ports, by weight, lh<^re are, as already mentioued, 88'9 of 
oxygrn and 1 ri of hydrogen. But tticro is anotlwr coiniKiund of 
oiygeo atul hydra^n known to cbenrntOt termed the |>€ro\idc of 
hyilrogcn^ By analysis it lias ticcn fonnd that 100 |>arta of this 
body contain 94't of oiygen and 5*9 of liyitro^n, Now, on com- 
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paring tn^lier tlic tjikAiLlitin of oxfgcn which m the^ tvo con^ 
pcuDfla arc lutttcd ^t'il^ ait rqiifil qnnntity, »ny i part uf hv<lro^m|' 
it is evidom tiiat in watt*r, lor i of fej-fh-ogim ihcro «rc 8 of ox^'| 

Since in : 8S9 :; ] : 8 

And by ft nmilaf pFoott* tt itit iteeti that In tlifi p^mii^lo of hytbo. 
gtfti, for I part of hydrogpii 16 of oiy^u ai* gtn^ftetit — 

5-9: 941 :: i : i(S 

The qoantitr of o^gcn combinod with the hyclrogm iti the 
ondc being jtut donblo vbut it wm when comliinol with the ^ame 
qiiwtit}' of hydTOKni in water. 

A similar umT)le |>ro|)ortio]i bc*tv(^n the quantities of the com- 
bmiiiET *'I<*Tncuts is fomidtohold fiood in ev<^r}" scriiw (»f compoiindB 
formed by the union of two elcmentB with each other. A certain 
quantity erf one of tho elements conihiti<» with a certain qtuuiuty of^| 
tha othiT ; in tlw next ci>mpoiuid yni\i tmcc iw mnch aa in tlie fin>t ; ^^ 
in t)ic ntfxt witli thnx' iinu^; in tli<- m-xt with four timca tlut 
(quantity, und ho c»i. Sometiniea lli<^ ]]roj>orlioii is rather ie^ 
Biin|iTe, ettM> pmiiortions of one elemeut combdiiiiig with j, 5, 7, we.] 
5 of the othtT. 

'riiis iniportaiLt Inw^ which was fir^t clearly eatablii^hed by Ualton^ 
was cxplainnl by him by Tm^ann of his Atomic Tyieorjf. I'jxHi this 
byixnboiK the idtinatc (Uirticlrw ofi-scli clement are coitAUlcnnl to 
\tc iinifurni in Kixt^ mhI in wri^'ht f»r th^it element, aod momn'er to 
be itmipab]«(if furtWrHulxUviaiim. Wlini liodioii unite c-IteiuicaJlr, 
aa the partioleo of the sanw? eltuit'ot liaira all tlir fcjurn* tize aad rela- y 
tii'C weijsbt, the proportioua in wlilt^li i)wy f01nbilH^ miint Iw definiit; ^| 
and furtlicr, if tlicy unite in iw^erul diil'^reiit proport^onn, thow pn>- ^^ 
portions must W »imply related to each otlicr, Tliua, whU:t tdaj 
bo eonoeivf^l to be a roin|>oni>d in vbi^^h e-acb »epiirat4? |MUiic']c of 
hyitrtigi'n is united wttli a singk piurtiftc of oxvgcn ; und peroxide of 
b^vdrtigcu wonld be n?|HTM"ntiNl a* roiiKiHting <if a combiuntioa of 
two juirtiHft* of oxyK**!! witb (^ai^h jiarlicir of hydrf>gm. 

(11) Thin explanation will simplify the cmiMderation of the 
thinl law, which ia usually known za the Law of Kipdr^hnt Pro* 
portioHJt. [t may be atatci as follows : — An etemmtary wuiitonct, 
in combhin^ with other cterwrits, dcct so in a fired projtortwn, tcktch 
nutjf ie ftpTt^tnted mtmvncaU^. 

If a certain iinijMirtion of an Hement, A^ mutes with certain 
other fixetl Lpinntitiuft uf riiflereiit eleiiKuUft, B. C, D, &c., to form 
comiioimdfi AI$, AC» AD, &c., the quantities of B, Cj and D whidt 
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«o tuutc vritb A vriU alito be the tjiuutitics iu wliich B und C, G 
And 1), combine Co foTTQ compounds DC, III), CD, &c> 

This {irinciplc of oijiiit^cnt proportion may b(< iUu«tmt^ 
hf Nfennco to Ib^ expRrimimU npon the di^lncno«Qt of the 
motaJn &om Ho]iiti'>iu oT tbeir nitrnt^it )>y tbo intrvxIiK^tion of 
■omft otluir dmHaI, Uii* affinity of vrhic^ fitr Uifr o£-i<i in stronger 
t)un tbnt of tb» metal mritb which it u iJreiuly combiiied. 
Wlieti incTivnry b mtrodi>ced into a M)lijfioii <tf nitrHti> of mIvit, 
the Lvo metala change places, owing Xo the strai^f^r ch^oiii^ul attriM^ 
new of the rnnic scid for the mercury than fiir tlie silver; pait ef 
the mercury iftdiAolvcd, iiitrr^ erf mercury is fonned, and a oorre- 
sponding quuttity of n\x\tT m deposited* On making the cxperi* 
DMitt with swtable care, it \% fmii*d tliat fur each too graina vA 
meivritry disaolved^ io8 of atlrer are ^pirated in rn'M^n, Ap^in, 
when a bri|;lil idip of onppor ia iutroducf^ into a Aoliition of uitrntc 
of tnerciiry, the »mfacc of tbc copper bocomea quickly coated vith 
sisrcury, and for every loo i^raius of mercury' deposited, 32 of 
topper have di^olrcd. 111 a similar way, vrlien a Etrtp of lead ia 
placed in solution of nitrate of coj]|)er, a depOAit of metallic copper 
iji M'lATiLtecl, and for cacli 32 ^niiii* of copper thmirn don'n. tof of 
Jeait mil have dLvtolved; MhiUt, lastly, a ^ti-ip of zinc in a s^otutiou 
of nitrate of lead vrill low 32 ^raina in vreif^ht for each 104 griLinjt 
of lead vluch crystalliic^ upon its sur&ec. 

From ihis series of expcTime[it« u~e leani that di0*erent, but 
definite amounts of the vurioim metaLs arc capfd)le of displaein^ 
Bach other ; for it appeal^ ihut to8 part* of silver, io(^ of mereuryi 
31 of copj>cr, 104 of leud, and 3^ of xinc, are each capabli^ of 
exactly supplying the place of the other, 111 combination \nch one 
timfbnn amount (34 parta) of nitrie acrid j aiid, in ehemieal lan- 
gxiai;ct the^ diirt.-Tvnt <|uantiliod of the mc-tals bie Mtd to be 
^Ufpd/^ifi to each othi>r. A ehemieal equivalent reprcaenta the 
innncricaJ amount of «%ch dement vhieh la cajjahle of fl:np|>lyin^ 
the place of ihe eorreflponding quantity of any other ('Icmcnt, Nov 
it U remnrkikbie that tK^^sic nnTnlx^ncrr-prvsrut not only the ijtiantity 
of each Hcrmmt whieli is cnpable nf hiding fiul»>titutrd for ntbi^r el^ 
mentdt, afi ja tbi^ pnrticnlar enmpinindi nith nitric arid jiiHt nrfenrd 
but th(*>' ni»ren«Dt alim the proportiuiiM iu wlttch tJioae elementa 
"unite amoQir tlieinwivea vhenthe>' ao combine vith eaeh other. 

(11) Tahiti of iCi/nt&oient Ntm&trf. — Chemista are in llie habit 
of Tcfiming the rcsulta obtained by omdysi- to tlie pmportion con- 
tained ui joo parts of the Wly nubmilteti to cxpcfimcnt. Tlius 
the aiutlysis of initcr fnrui^es iu ico partis, ^'^9 of oxygen and 
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It'll of Itydrogou. lOO |)Ari« of Unne oonlAin 38-'^ of o%yfr<*niiiid 
7E'4a uf tltc mctikl calt-iuTii ; whiUt lOC yarin of |>otuiih cx>Qab>t of 
J7'Oa of oxygen and Bi'yH of |K>tq)4fliiim. Thrac ilLuntntioiw are ^1 
miffiiHonl to hViow thnt llir rjii^mlity of oxygni !■ not the lAJilft ia tbe ^H 
diff**rcnt roni]x>UMrU ; hut the niHWl of ntnling thr rwiilt in not ^^ 
tlic oiiir bi'xi iulii|>Ui(l to exhibit thr inimi-riniL rrbtifvtiK in their ^< 
«iinpl('»i fiirni. The^ relationEt are n^nilennj iniirti ttionc evident ^M 
ill ib^ folUjTi'iufr way. Having tuccrtaiiied the pn^iiorlk^i in roo ^^ 
parlft of cbc various compounds wbicli cadi eteiuentarj' body fin-m:* ^1 
when it combines witb oxtroi. determine by csJculalion the pvt^MH^ ^M 
turn in which auii clcuicut tiuitiv with the «aii]c ^jvd (fHontity [say 
8 paru) of orygtH, A ^eri&t ot j^nipirtiuuM inniibcrB nill thu^ be ^j 
funu»liei(1 whicb will repreHciit the r»lio« iu which cndi of the clis H^ 
maits eomhiupti nith cxy^n. In thiA nmuner it uill 1>e i«cii tlmt ^^ 
m waterj fcr each 8 pai't^ of oxy^n r pai't of hydro^ii is iircscait. 

For 8^-89 : 11-11 :: S : I 
Iu hmCi for cw^h 8 parts of oxygicn, so of calcium arc |ircmuit — 

For 38'5« : 71*41 : : » ; ao 
Aiul bi potwii, for every 8 oxygen tlurre am 39 of potjuwiuiu— 

For I7'03 : 82'9S : : 8 ; 39 

I of hydrox^-n, 20 of calcium, and 39 of poUunium, are Hve e(|V 
UtiL ([luuitiucfi of each of tbc^c bodici', vhich couibiuciritb 8 
of ux>gcu. 

On tlic^cootincnt, taany cUeniwtw, following the cxajnple of 
Ucrxdiii*, ttNtumi^ 100 pnrtA of oxyjccti ua the Mandoixl ^unotity, to 
which^ in all sndt cidi.-uJiitiotiB, rdereucr? ut- mode. The objection 
to tlitji jilan it^ that tht? Dundxiiii thiw tibtiuii^dr aiul to which ref«- 
rt'itot* i* oon^tniitly r^uireri, are inconveiiieutly hir^i;**, a"*d eonjie- 
queiitty more diflicult to rolAiii in the meiuory^ hoitd&fi frequently 
iiivolriug fractional quautitics : the numhcr for liydrogen on this 
scale IS represented w 1 3\;. 

In this country the eombiniiifr numlK-r of hydrog^Ti U made the 
unit of comparison, a f<y»ti'in wlitcU h.v« many atlnuUa^:es, Hydro* 
gen oomhiike* witli oxytren in a iLnuiller proixirtion than any other 
kiiovn KidKlani*^', and tlir iimnbera repreAcnlin^- tlic etiuivalento of 
idl otikcr Ujdics may, with fev exceptiona, without material error, 
be taken » multiples by whole numhcr« of tlie e<iuivalent of hj^dro* | 
geti. Tbe oqiiixnlnit uf liydregcu on this scale U I, and as oubJ 
part of hydrcfc<^D in united in umIlt u-ith exactly eight parts oTi 
oxygen, the eqiiitolent nuuibcr for oxy^u iji 8. 
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bbctically, with \hc Bymbul (13} uat-d 1>y chi'mifits, iitlixnil 
eacb ; tli<; immhcrA, lu ucttully detcmvitictl hy curuftJ cxixji- 
in«n1, bolli on the iiy<drog«ii wid oxygon acaLo, iur« f<[]t^eii &r couro- 
nionce of refannc^ Tbc numbriv on the liy<1roi>oii «c3ili> wiU bo 
ftHoptol m tkift vcrk, &ii4, grnrrrtlly «pcnkiiig, fratctioual i^uaintiticia 
vUl b« diiirrfnurtlptl. A Inrgc proportion of t!w nnmbcro arc either 
Pxnrtly tniilh|4j<« hy n vlmlr uumbcrof thr t*qitivnlf»Til of liydrngrn, 
or llicy (lilTcr from tiu^ TunltipliTj^ mi ^li^htly as to fall within the 
hmitM of flifli^rrnoiv ilue Uj cxi>^rimftitAl rrmnc 

The iiiniiber^ on the oiyic^n ^^\f ntav nrailily l)e<*onverUn! into 
Uio6« oil the bydro^cen scale, by iuuJti|)l)u]^ the o^iccn iiuuibcn 
by 8 aad dirvluig by ico. 

Tbe names of tlic metals wliich from tbcir rarity may be re- 
ganlird as ummportant nrr given m Italics. 

TttAic aj EJtmtrntarj/ BuMancea with their K^uivairnta and 



ID#«unt 



Altitaiaom 

AntiiDOoy (Stibiufii} 

AtiKTutnini 

Bttium 

Btfnuth 

Dorm 

Cakiiuii 
CnrWiQ 
CWwg* 
Clikdn» 

Cobalt 

DivmHT (CupnnnJ 

Floarific 
Otnfiifm 
GoM (AiMm) 
HydroK^n 

locliiko 
Jridimm 
Ircm (Fcrr4nii 

LmmI (I^uaibam) 

ICnCDCifiim 



& 


E^tfeln 


Xumbff- 




H=i ] 0=100 


Al 


11-6731 i?o-g 


!jb 


139*03 161 J '9 


A« 

Ba 


■J5", ?3;'fi 


Bi 


312 tf6 


j<i6o'75 


U 


io'9 


136^ 


Rr 

Oil 


;9"97 
S574 


2^? 


Ca 


jo'ia 


»5"'^ 


C 


6' 


75" 


Ce 


46' 


575' 


CI 
Cr 


3549 

36' >7 


in 


G> 


3949 


Cu 
D 


3<<^ 

41*' 


395 <^ 
600^0 


'?■ 


*37"5 
87- 1» 


G 


6-97 


Au 


98 aB 


|3J9't6 


U 


r 


iJ'5 


n 






1 


i*<S88 |irAvw 


Ir 


jfl'S" ,|J3J'W 


Fo 


a804 3^S 


U 






Pb 
Ti 




iaj4'64 


«« 


iss-u 



OAanpoDud* wilh Otfpr^ kt^ 



Al, 0|. alumiDa 

!5b 0|. antiniOQiic acid 

A* 0|4 wliito AntciLio 

BftO. b»nrta 

Ui i\. cblonde orbij&\utb 

Br O^ brriiuic" m'id 

Cd 0, Oiido oronibniuia 

CttO. linw 

C 0» rferhcmic arid. 

Cr, O,, H«qiiioxJd«< af onSum 

C10|, uhlonr noJd 

O 0-, cliTVkniiii^. luiid 

Co Cu clilorJLltr ofroboll 

Cu O, blAc?k oxJd« of copper 

Dl O, <ixi[l# of diilyiuiu&i 

Cd Fl. Ouor tpu 

Au, CL Bolubk- cUorido of gold 

^, SltiT 

\ (K, iodiif AcrJd 

ir O. jwrtrtinlft of Iridium 

Kfj Oj. red otidr of iron 

Ls <>, oxide ^riuil&uium 

PI O, litbarg* 

L O, UOiiB 

Me Or niagnMU 
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Table of EUmerUary StiMances toitk their Equivahnts and 
Symbols — ( Continued) , 



B3*mwrti 


Bjm- 


EqaiTBlBut NnmlnT- 


Compound* with Orjgta, ^. 




Mn 


H=i 


0=100 




MoDgaaeoe 


'7-57 


344-68 


Mn 0,, black oxide of man- 
ganeee 


Merco^ 
(HTdrflrgyrtim) 

MolyhdenuTn 
Nickel 


Hg 


foo'io EsAi'sg 


Hg, CI, calomel 








M Oil molybdic aoid 


H 


4769 


6961 


Ni 


a9'54 


36933 


Ni 0, protoxide of mckel 


Niohiitm 


Nb 








Nitrogen 


N 


14" 


17506 


N 0|, nitric acid 


Otmium 


Ob 


99-41 


1 343 '6 3 


j Oe Oj, Tolatilo oxide of ot- 


Oiy^n 





8- 


too' 


H 0, water 


Palladium 


Fd 


53"^ 


66547 


Fd 0, oxide of palladium 


Fhoflphoroa 
PlatinuiD 


Pt 


3J0J 

98'56 


4003 
1333-08 


F 0., plioflphonc acid 

Ft vij, bichloride of platinum 


Potaseiiun (KaJjum) 


K 


38frf 


487" 


K 0, potaah 
Na CI + Bo, Clj, double 
chloride with sodium 


Mh^in/rn 


Bo 




65' 96 


SuiKenium 


Bn 


SJ'ir 


65"'39 


Eu, Clj> eeaquichloride of 

ruthenium 


Selenium 


Se 


39-6j 


495" a8 


)e 0|, aelenic acid 


Silicon 


Si 


2TZ6 


36700 


Si 0^ silica 

Ag CI, chloride of nilTer 


Silver (Arffentum) 
Sodium (Natrium) 


Ag 


108-0 


1350" 


Na 


aa'97 


38ri7 
548-03 


NaO, Boda 


StroDtium 


Sr 


43"»4 


Sr 0, Btrontia 


Sulphur 


8 


ID'O 


300-0 


3 0), Bulphuric acid 


Tantalum, or Colum^ \ 

bium 

H^Uurium 


T% 






Ta Oj, tantalic acid 


To 


6408 


801-76 


Te Oy teUnric acid 


IWbiutn 


Tb 








Tiorinum 


Th 


59'SO 


743-86 


Th 0, thorina 


Tin (Stannum) 


Sn 


5S« 


735'^9 


Sn Op tinstone 


l^taniutn 


Ti 


34 13 


30155 


Xi 0., titanic acid 


TuagsUn (Wolfram) 


W 


9464 . 


'"83-3 


W C>,, tungBtic acid 


Uraoium 


U 


60 'O 


855"84 


U, 0, uranic acid 


Tanadium 


V 


6846 


V 0,, ranadic acid 


Ttiriuwt 


Y 






T 0, yttria 


Zinc 


Zu 


3353 


406-59 


Zn S, blende 


2irconivm 


Zr 


3358 


41973 


Zfj 0,, zirconifl* 



(13] The chief value of a table such as the foregoing, arises 
from the circumstance that, as already mentioned, it not only 



• The atudent ahould committ<»memory the chemical equivalent* of Ihoee 
bodies on the hydrogen scale, which are not printed in italics. A ehort 
summary of the principal data upon which this table has been constructed 
will be Kiren afler the special dcBcnption of the metals has been completed. 
Those elements to which no equiralent numbers are attached, have been too 
incompletely studied to enable the chemist to assign their combining propor- 
tiooa. 
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rcprractiU the qunntitif* of tlvc difTcrcnt clrnrimt* vliidi u&itc 
wilii 8 partA ol'^>sygwi, h«t it al«» indi<«Uy ttic wmjjlc*! pnjpor- 
tiooB iu which they «ui unite k'iM each other, For rinmplo, uot 
imljr do I part by wi^i^rht of hydrofjfai^ i6 \mjrU of ftulplior, uicl 
39 of potajujimn nevoroUy iiiiito with 8 purti of oivRnu, Intt i6 
pttj-bi of lulphur fonn a <Ymi|Kmiit] njili i pitrf of hydni^n, niid 
niuithrr conk|H)iiiiil vhHx 59 jiartM ofpotustfium. Heu(« lA purtM ttf 
Hulpliiir ftrr ill iHimhtnutitiii Miuiimttnit 10 K )ian--i of ^r\y]j:t'*ik, ajkI 59 
of po4jmdun] to i |iart of hydro^n. ThcAC utmii)er>t are iheivf^jre 
tenoed tlie chemical tyttivc/attg of the rvspectivo subAtaiices which 
thcT rejirewimt, 

C<Hui)otiud bodies tinitc with other eompouiidfl, just as aunplc 
bodies unite irith other «implc oucs. Cftrbonic acid, ftnr inataucCp 
imiies irith limc^ slid lui might Ixi antinpati.^l, lite oomlnumg 
tiiunben of Mieix ruiii{M>niid» ure reprt^f^nu^l hy the mma of the 
ct|iiirftlc»t numbem of iJI the elemeiic^ whieh enter int4> their vmn- 
po«]t30D- For ex;im[de> the ctpii^iJeiit [lumbera of tlie foUowin^ 
compounds are tJm» obtained : — 

Water (i Eq,0 = 8 + 1 Eq-H = i) HO = 9 

CvbonieOiiae (i Eq.O = 8 + 1 Kq,C = 6) CO = 14 
Carbonic Add (1 Eqa.O = 16 + 1 Eq.C =6)CO, = 2% 

The law of cquivftlcuti ho1d# good equally betveni the com* 
binatioiw of ooiti]K>uDds and tlio»e of simple HulMiiaiiccH. "flie 
reactions betwveit oomix>niul>i oiten cxliibit vexy linking eiempli- 
Hcalioitt both of the g<^^i>ndity of this hiif uud of the iiiuiiiier iu 
vhich it may be turned Ut useful Accoiutt. llie following; eiariijilt^ of 
Uie reoctu-iiL 1>etvrt«?u Bulpbutc of poliuU &u(l uilmtc of huiyici >^iU 
aObnl jui ilbiaCrutiou of Uiia kiud. 

The aJkali )K>la>di i* a Aub«tancc coiwiatiiifi of 39 pait» of [H)Ut»- 
siuia united with $ of oiiygcri ; rt« C4fiuvak-at iiumlKr ia tliercfore 
47. Now cius body iipitc« with eulphuno acid to prodiLco Milpbutc 
of potadb, aiid foni^ a salt which {n pciiWtly ncuti'id in itA rmctiou to 
to^t p«pcT«. Ah tlw c«](LivaWiit of nulphunc acid !■ 40, w« f^ionUI 
rxpn^ tlut nilphnte of potaiih wotdd hv 4<ORi|yMef1 of 47 of potanh 
and 40 nf «utphiiric acid, aiwl uould liiivr nn equivalctit of $7. 
Aualynn jimtitirK the. correiaiHwi of tJiijt antiripution. 

In like manner, haryta ia tlie o\iAt^ cif the metal barium, and it 
rciiuijitik of 69 parUi fif l)«nuin and H cf oxygeii. Hmui then-fore 
im» an et|uivalent of 77. Uarrta, like ]>otash, toay be uia^te to eom* 
l)ir»c with ail add. Its compound with aqua foitis or nilrte aeid» 
for example, couM^ta of 77 parts of bar\'ta muicd with 94 of niti-io 

e 2 " 
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ftcul; tho oqiiivtJrzit of tlic mtnit« of buytji » tliimMuiV i^li 
Nitrate of l)iir)'t& i» iiIbo a pcHvctlr lurulm] imlIi. 

If now wc mix togctber a ftolvitiuu of 8^ p«rt« of vulpliatdn 
of pcitttah with 131 of mtrate of baf^tb, u vety instructive cliftnge 
occun ; — tUi^ nitrur nnd fttilphiuric acitk cliAiif^t- (ib<^«M: tli^ mtric 
Acid uiiit4.'« uilh tlio |H>tAHli, to province riirare of ]iola^L, ati<l Uie 
iwlphtiric A^iii tmitea with the haiy ta» to pnxivce Auljiliate of baryta ; 
tlie MiliiiiHte of liaiyta hciiig iiifioluhlp, pnvipitat^s ba a ^liila 
|iowder; but tlip renmrkabli? paint iip^, that thf^re is neitlMrr moro ^. 
nor iom nitric acid thaii is required for exact union ynth llxB^M 
potAah; neither mono iiw li-^w iLulplniric lu-id than 1% nci^pil for the 1 
baryta: 54 of nitric iici<] nn-. llii^rcftm- truly eqiiiTiiltriLt to 40 of 
stijphurio icid ; or may be siil»ittitijtc<1 for tin- latter in compo«ttion|j 
Atiil 47 of pcvtiLsh lire a.1 truly oi|u]viili'iit I0 77 of hint a> 

TbtH ititt'n^haTtp' or dr^ahh dtcotujfOsniitM, la it ik usually tcrmc 
ifl Ulimtratecl in tJte di^if^ro that foUova: — 

J31 Nitrate ( ,^4 Nitrie Arid f Snlpbote 

of lW>ta X 77 Ikrjta > 117 ( Baryta 



87 Sulpliatc [40 Sulphuric Axud-^-^N. fNitrat« of 

of Putash [ 47 Potiisli _!s loi ( PolfljJi 







3t8 318 

The stoJutiotift after mixture are «ti)l without actiOQ dthcr 
iiI>on litmus or tnrmerie |iH|>er 

If litBiead of iL^tijc: <^vaetJy the equivalent r|natitUic««f>f tbfi t 
Malts, an evecfia of either bad bec^i employed, GnippoHW that lOO 
iiiHtc&d of Sy partb of Hulphute of jjotafth liad beeu uaeil, tbin ejicemi 
of t j puts iroukl nift hnvL- iunitenct-il ibc result, but would hai'e ^1 
rcmamcd lUkcEiaiigcl id the #ohitiOD. One ^reit advaulaf^ tber&^^| 
lore thnt i« derived from the cmplovmcnt of n tculc of t^:|uivalmts^ 
L* reoiKjmy in t!i«^ n*c of tlie matcHfti* r»ipioyc<l in the formation 
of compoimd*, aitu^ hy ita meann it in powible to enkrulntc iho 
exar-t pwi^Mjrtiou* of tlic cb<'nii(*iJ ngi^itA vbi**li would Iw required^ 
iu ord<?r tc ohtatii tliL' fall vfW^ of tJu-^r tiULttial mirtioii. 

Tbe law of eqtuvalcut )>ro|M»rtionA also formn tlie bonia npoa 
whieh lurwt of th« ra!<>tdAl]OU4 m diemic^ analrina atv founded. 
Stipprme it wire desired In aj^r^eHaifi tlie pro|>nrtioii of liar^-ta pn-sent 
ill the solution of nitrate of baryta. By colWtinp? on a fitter the 
precipitAte which ra produced by adding sidpbate of pota'^h to a 
girca bulk of the liquid, then drying aud ircighiog the povder with 
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smtabic prc^aotiouA, tlie qUMititj: of Ixuyta cuuld ikt Quae be 
cokulAlcd; for a u a tii^cftaajcj couMqncncc of tho Ijitf of frqulralcut 
csombiiaatJtni Uiat crverj 1 1 ; (^raiiui of viilpbat^ vf Imu^Ia coaitaiu 77 
of Wyta. Vtmn tliie r^wult tbe |i«*o|KMttoa of aitmte of bnrvtft 
in flolutioo could aUo eutly bo dedaonl, iuu0inu(.*li lu 77 ^rAiRK of 
bftiytft, fnr <x)avQraion into the uitTstc, vouM retiuire J4 gniiu of 
nitric ncul, &ncl wotild thcrcforo represeni 131 praiiM of nitrate of 
4tt hmiytn; *>r M 7 jj^mitis nf «ilphmp of baryls wfniUl ii\i1icftto 131 
of nitntc of baiyu in tbr Yuimd umtcr eiamina^tton. 

The doctrine of cbcmirAl rquivulcntA rcfrivc* an cswy rxplMi^ 
tion upob Daltoti'* iitt^niic theory', (br in bi« view thcM.- cqiumlcnt 
numbers fxpres« HtmjJy tbc relAtiv<* weight of the ultimate portidea 
Of atoma of odi elenu^nt. Heuoe tlitA<? numbejv are ofteu ^jjokcn 
of under lli« lemx of tKt^ titomic weiffhU of Uiokc l>odieH. A U^ttc'r 
Cjcprowion, however, ia iliat of cAeimra/n/irtLutifN/^ a termof ulach 
fiX'(|ucnt iwc will be made in this n^rk. 

One or two additional illwitratioiLs of theee principles will 
iBcne furtliL^r to ^'lucidiLtc them, if the weight cX the atom or 
anuillot panicle of hydro^rc^ be taken a« nmt; or i, the wi^ight of 
tho particle of oijrgeo would b« 6, tliiit of sine and of oopjk-r ;^, 
of lead 104, of wher 108, and of memirj- joo. Whfu ftnt partk le 
or atom of oxygeu utiif.'^ with one atom of liyilro^ti, tbecombina- 
don n«ccisarily occiirH iu the projiorlioii of H fnvi^ by ^^ei^ht of 
oxygon with I of h\'drort;ciu When one particle of oxygen unites 
witli <Bie particle of 1^ to form oxide of lead, th^^ eLvmcnt« 
nocctfsanly combuic by weight in the ppoponiun of fi parte of 
ox)^C3i to 104 of lead, iind so od. A similar process oocum in the 
cumbliuitkm of coii]|>ou]ids with other coin]Mtuula. 

(14) lAn& t^ ro/urMr«.— When bodies arc capa1>1e of oaaumhig 
the fonu of gnA or YiLpoiir^a very Mmple relntion kiL-«1icfu ubaixr^cd 
bctw<«a t3ie Tolumn or btdk^ of any two ga^^v vhicli combine 
tgpitlicr. It hjwi iM^cn found, for example, that the ^^aifee unite 
tO|prther cither in the proportion of trcjual hulk«, or cUo that two 
mcttHureet or volumes of the ^^a wliich may be diHtingvished a« A, 
oumbine with one mf*a.4uro of a iteoond gaji, which mny bo <^I1m) B, 
or tiuu x\\tte mo^Hun^ of A uait^ Tvith oite of B, or Kotnctitiiiai 
tlial thre^ mea^uroH of A luiile vith tvo of I). Somi^ Mimph^ ]wr>- 
fiortiou of this kird in nlwayii ohncrvW brtwoen the volximwt of Iwo 
^asea whieb enter into comhiiuiti^m. The eani^e of tbt» uinfiinnity 
depends upon the circum^tnitco that the chemical ec|uivaleiit of each 
rlementary imb?4tAnec fL>miK a volume of ^m* or vupinir. whii^'h, 
tutder amilar comlitions of temxicrature tiud pTx:±aurc, oxupies 
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cttlu-T iKc tfnmc biilk^ or rl*o iloiiblc tlic Inilk of that of some da 
DWtit UJu^Q us t}iL< £tBn<Urd of comjiarUon. 

I'\>T L*iinnip|y, taking a miTuhi-r of ^ibw of euwh element vhicli 
4M>rrafipoiirlH with iU e<|inv-ft]<^it immlM^r t — 

Cxthtc iiicli**^ 
8 f|[niiu ftf otygen^ at ficP F. and 30 inchet Bar. =- ty^^ 

I gnun of hy^iro^n ^ 46'66 

35'j gnina of cbloriite = 46.66 

14. gr&iuB of Ditn^icxi = 46-66 

tad soou> 

An wiiiivjilrnt of IjyilrvijT*^, ftf HiloHit^*, ori^fnitfT^gm^ tliPrpfim^, 
occiipirs iIoTi!)l<^ till- volume <)f ai\ eciuivaleiil of oxygeu, Qxygeu^y 
W, <yiii3^r|ii«i](h\ x6 imifH as heavy a^ liydrngen. ^H 

rombiiiation by volume, therefore, is to he carcfnlly dietia- 
CLii&liccI (mm combinfition by weifcht. lu each case the proportioaa^_ 
are, however, <M]iially dcfitiite. ^M 

After tlic union of the fjase* with each othcr^ the hulk of the ~ 
coTDpouiicI^ though it IF often le«3 than the joii\t bulk of the two 
separate gawv, vet bean a eimple r-tation to it. It m»y haj^pei 
tluit the two pL*t»* comhiatr without uiitlergoing nny t^haii^' {*j 
volume; or thn^ mcasiireai Oif the gaxe« may eomlt^iiBc irit€ the 
apaoc of two i or three ineaHureni may (x^eupy the biilk of one^ 
meamie ; or, a^ain, tno voliiraea may be eondenaed into the f] 
of one vohina?. 

The mode of combiDation of hychoj-en with oxygco may bo 
taken as an il]u»tratioii of some of ihi^ac points, llyclro^eu gas 
uuitfs witii oiypeii gas in the Ibrmatton of wattT, in the proportioQ 
of two vohimes of hyflrogcn to one \x>lumc of oxygi-ti. Thi*, there- 
fore, eorrt'wpoiid* by «x"ight to one jmrt iif }iy<lr(i(reu anil right jiartn 
of o^ygitn, Tlie Nti^m pnKlueeil by thi^ir uuioii, how<?\rr, iuAteud 
of i>ecupyii>g the nimiv of tlirttt- vohimi'H, in ccmdi^iacsl iuto ih^t uf 
two ■ but thr w<njilit uf thr steam fanned i» t>pm1 to l\iii\ of th<3 
unitcil weight!* uf the oxyi^vn and of the liydrogcu ^hich h*V6 
OQtcnxl into its com|K>aitioti. 

Coinpiruud ga^e^ and vapours, in conibinin^, follow the 
rcg^durity auri niiuplioity Ln tlie pn>[>ortion»i by vohime in which 
ihoj unste^ as nob«erveil to prevail among elementary hodioA, aud 
the comf>n«miU r<»siihing from Hiieh nuioiK wlit^n ga*ft><ut, or Cftn- 
virrtiliJe intn vnponr, eiLhibit the nsimp ^xiiij^lly Hiniple ratio in (rtdk 
to that of their romponnitx, 

(15) S^hoiic XoMhn. — B4*fore proerrdinp fiirther, it wiJI he 
JwlvmntafOoua to ilutenhe the prineipies of notJition, ii» jipplieil in 
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flie omifitnietion of clioniieal fonnulK. Tliit notation consttitutcs 
& kind of sboTt'liatiid. which materbUy fAcilitat» the rei^reaenUi- 
lioa of chemical chaiijefl, Bince il prcally abadf^ra the Ubour of 
iJevcription, uul* ^rith a little praoticc. ciiabli^ the student to traee 
ftt ft glance n:&ctionfl even of a comjilicatetl cliar&cter. Its em- 
(ilofmeni hft», in fad, bcxximc iudispeii^^blc both to the teacher and 
lo ttie pupil. 

Ervry elementary Mihiftamr U reprpseiiU^l by a 9<ymfk>], con- 
aistm^ of the fimt letter of it^ Tjiitin i\nn\v : iii avaa-ji nvhere more 
tluiJi oue element 1ia« the &aine iailial, a ^eeoad dUtiiifCiiinhing 
letter is added, These symbols, whcu used singlVj always re|ir& 
M-Dt one etiiii^-alciit of the body which they indieatc. The ftvmbol 
O, thcrrforr, stiimls for one (Equivalent of oxygen; II, for one 
eqnh^Alent of hydrogen ; C^ for one cqiiivnlcnt oi earboti, and so on. 

A coRipound tiody, composed of stingle cqiuvaleut«, w rcprc* 
Mnitw! hy untin^ die two !<ym1x>ln nidc by riide, thus HOindicntn 
oii« e^uiviilriit of n^ter. 

If munr than out; tquivalenl of a Ixxly haa to be exprewwd, it 
in si^ititWI either hy p[trfuiii)c the nutulx-r, an i H, two oijiiivalettta 
of iiydroficii ; or, aui is luurc uDual, by wriUu|; a euiall tl^iire to the 
right of cIk Idtrr below the Une, oh ll^; UOg, would indicate 
pcnuudo of hydrof^i ; CO^, earbonic aeid, 

Sfooadary compoundM, ^iieh as eolt^, aro cxprcMDd in an analo- 
90U« way^ the banc being alwap placed fir*t, CaO + CO, reprcacnting 
one equivaJcnt of ^arbonute of lime. Frnjuinitly ft nimma is 
plncrnl lirtireen the two comjioiitidA iiMtt^u) af ihtr id^^hniie sign ^ ^ 
Carboiuiu^ of limn may U? writlei^ CnO, COj. Tliin mode >■ 
ttaiuiillr ailoptnl t*t e\|ir<-w( u mun^ iTitimziti^ nnum tlian nht^n the 
bilCii + \r^ UMtL When^ tt \* tu-wftsary Ut tndieat^ imtre [ban one 
equivalait of a eomfiouml, the wliole formula of that eoniprjund ia 
tiiduded in a hmelit't. and piv-eedcd by the ihdicatiii(f uiimher* 
Tbna three equivalentn <if eurbtmale of iiroe would be Tniiten \ [CaO, 
OO,). Tlio fifTure prcfixt^d multipUca nothing beyond the ftymlxjU 
bichided within the bracket. Thus, in tho fonnubi for cry»tal- 
Used aluio^ 

AljOa, 5 (SO,) + KO, S03 + 14 HO. 

The ;{ vliich precedes SO^ only indiimKr^ tJtat three equivaJents of 
mlphuricaciil nre iircaent. Frequcntljr the employment of brackets 
u ue^ileeted, aud thai the figures multiply all tbe&ymboUiududixl 
beiweco them and tl*e iie\i cimima, or tiipi of addition. 

A xcry little practice will make these ^-arion9 tnodificatious 
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familiar to all. To expedite the acquiaition of this knowledge, the 
student will find it advantageous to exercise himself in the expression 
of chemical changes by symbols, whenever the opportunity occurs, 
until he ia thoroughly acquainted with their signification and uae. 
The reaction between nitrate of baryta and sulphate of potash 
(13), might be expressed by symbols in a single line, which, if 
the equivalent numbers of the elemeuts coucemed were fixed in 
the memory, would convey all the information of a minute descrip- 
tion, thus — 

Sulphate of potash^ Nitrate of baryta. Sulphate of baryta. Nitrate of potsab. 

KoTsOg + BaO, N65 yield BaO^ SO^ + KO, NO, 



CHAPTEK II. 

WKIOHTS AND HflASUEBS SPECmC caiVHT. 

(16) WeighU and Measures. — The foundation of all accuracy ia 
esperimental science consists in the possibility of determining with 
exactness the quantity and the bulk of those substances which are 
submitted to examination. In the force of gravity we possess an 
unvarying standard of comparison. A pound weight, for example, 
at the same spot of the earth's sur&ce, is invariably attracted 
towards the earth with the same force, so that its weight is uni- 
formly the same at that spot. 

The force of gravity diminishes slowly from the pole to the 
equator. A mass of matter which would compress a spring with a 
force equal to that of 194 lb. at the equator, would act upon it 
with a force of j 95 lb. at the poles. This di&rence would not, 
of course, be perceived in the ordinary mode of weighing by the 
balance, as both the weights and the body weighed would be simi- 
larly and equally afiected. 

The common process of weighing consists in estimating the 
force with which any given mass is attracted towards the earthy hy 
comparison with other known quantities of matter, arbitrarily 
selected for the purpose ; consequently, the weight of a body is the 
expression in terms of the standard so selected, of the amount of 
force which is exactly required to prevent the body under exami* 
nation from ^ling to the ground. 
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The sttiHUrd of wci^t ii*od in thiH country w tba awnrdupota 
pouitH, utiirh ttk *(ihi]is-i<li^ into 7000 jgnuitM. 

Tbr nyntrm of vci^Ut« i* ooniK^rii-rl wttU tlx- ini-jwirftt of cftpA- 
eity in niv in th\m rountiy, Uimugh tii^ in<^liiirn of Ui«^ Im|x-ri[il 
jpOlfm; vTurli ih <lrfinrtl liyan Art of PaHiAnu-iit of thi- y<-ar 18-24 
'tn be A nieiL*<arr nifiLiiriiitf 10 lb. aviiirdui»iit of cli.<itillt^l u-nter, 
veii;lKu) ill air at a temiierature oS 62^ ¥., the bsmuieter standing 
at 30 bchea. Tlic ^'alloii of disdlkd iratCTj therefore, coiitaiiut 
jofioo frraina. 

Thcflo measuraa of capacity are rclattd to those of IcDf^th by 
the dcternuDation that a (gallon cotitatiu 377'a76 »ihi<* iuches. 
A cubic iiwli of cliftillud vnittr wrighn. iti lur at 62^, with ihv banv 
meter at 30 incbcs, 251-456 graiji*, in vaato (23] it ncighfi 1^2'J2Z 
gTuirw. Tlie aUiidftnl of length ia the yard loeawire, and is auV 
dhidal into 56 indiea.* 

(17) French Sifttem of H'eighU and Measwrea. — The French 
fiTBtem ftf wei^jbts aiid meaaiirea is ooonectcd tof^tber in a tuaDner 
&r more pUikMopbica! iban the tbrcgoin^ ; and, as it is the one 
gCDeraJIy adopted by ecicntific men abruod, and ii« gnidnalljr 
bctOjT iittinducoJ into tbe nhtiiig^ of nien of Kciencr in this 
ooiuidT, it U ci^'ntiat that tlie principlea upon vliich It is biMxl 
•houkl be an4U*ritoQ<). 

Tlir »tandnnl of n.-ft-renct^ U a nitra?<(ircniejit tif one <if t!i(r ^feat 
virdei CDCorD|iiH«infr t^ic t-arlh ttnetf. Tlic Lcu-niilliuittli part uf & 
cfuadruut of the m^^n^liait t.'uitittitule9 tbe uuit oC \\xe synluuL. 
Tlii» 4iiadraut4d arc wan fixtd at 6^13 railcB uid 1450 yard» 
Eiif-luh nii-usorv ; coosrqticutly the tcii'UiiUioulh puit of this, the 
wWre, ifl ci^uivid^ni to 3V'37*^79 Knghj^h incbc», nc«rly 3^ iucbco 
roorv than o^ir ataiidaitl yard, or a fractiou of an icioh longer 
than tli4^ aeocHMU peiiduUuo. This metre is subdivided into 
tc-jith*, mUed decimeirt^ ; hiuidnylllift, or c*w/j'*iWrv* ; and 
tlio«iNiultl», or mUiiinftres^ A kifometr^, or tliniuand metre*, 
nearly | of an Hn^hnh mil^, U rmj^oynd in tnojiy part* of 
11IC9 a* the ordinary roM\ moawurc. Pig. 3 rfpn-acnia a 
nitoi^tre an1)dividnl into ccntimrtren, oi*f* of whiHi la sub* 
diridrd into tnillimetrrs ci>ni|tAn<d with En^litdi indiea. Tlic 
of capacity ore oonnecU-fl witli tboa^ of length by making 



^ Ta order further u> fwuvtet di« mcft^nrm of ItmfEtb iHUk lbr«c of woiffHt, 
Captain KjiUr dH<Ynnii»H| thi> ktogth of & ms-odiI* iwndiiluni. ihc iwnUiuuiiwi 
ef vrtiidi arv pruiufvd by tho action of tli/- fonr' ofgraiiiy. the Ictii^lb of a 
twadvhiiD, nhkk bcaU ««coqlU At llw l^vol ot ihit Ma iW nM«o> aod is (Imi 
laiitud* of Orwavb'b, be found to br 3^^139^ inebca. 
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tlie unit of capacity in this series a cube of a deci- 
metre, or 3'937 EngHah inches in the side; this ia 
termed a litre which is equal to 1 765 Imperial pints, 
or rather more than i^ English pints. The btre is 
again subdivided into tenths, or decUitres, sad hun- 
dredths, or centilitresi and finally, the system of 
weights is connected with both the preceding, by 
taking as its unit the weight of a cubic centimetre 
of distilled water, at the temperatm^ of 39°"2 F,, 
it weighs 1^433 English grains. The gramme, as 
this quantity ia called, is further subdivided into 
tenths, or decigrammes; hundredths, or centigrammes; 
and thousandths, or milligrammes; and its higher 
multiple, 1000 grammes, forms the kilogramme. 
The kilogramme is the commercial unit of weight, 
and is something less than li lb. avoirdupois, being 
15433 English grains. The litre, as it consists 
of 1000 cubic centimetres of water, at 39°"2, con- 
tains exactly a kil<^ramme of water, and is equi- 
valent, at 39°" 2, to 6ro24 cubic inches English. 

{18) The Balance. — The familiar operation of 
weighing, is for moat part effected by means of the 
balance. 

Ttiia instrument consists essentially of an in- 
flexible bar, delicately suspended at a point exactly 
midway between its extremities, from which depend 
the scale-pans; in one of these the weights, in 
the other the objects to be weighed are placed. When the balance 
is in equilidriOf the arms of the beam assume a direction perfectly 
horizontal. The main points requiring attention are — ist. Equality 
in the lengths of the arms of the beam ; and, suspension of the 
lever just above its centre of gravity ; and 3rd, care that the fric- 
tion at the points of suspension both of the beam and of the scide- 
pans be reduced to a minimum. The points of support in delicate 
balances are usually made of fine edges of hardened steel, which 
bear against flat polished plates of agate. Provided the suspensions 
be sufficiently delicate, it is easy to obtain exact weighings by means 
of a balance the arms of which are not equal. For this purpose, 
the material to be weighed is accurately balanced with shot, sand, 
or any other convenient substance ; it is then removed from the 
pan, and weights substituted, imtil the sand or shot remaining in 
the other pan is again accurately counterpoised : the number of 
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vrriglitA tkcetW nill bfticw the un{;lil of tbe MibatAUCc iiDdcr c&pen'- 
t-BKut. Ill all dclKVle CLjicrLiatriila iIk- bnlaocc must 1>c »crcmnl 
enrrvmto of air, and tlic bocU«» vrigtinl most bmrv? •nvoblj- tlic 
FlMikc UrmpcTBtinc wi 1h«t of the ^onotmdiug fttcncwplwrc, otlicrwwc 
cunxtitn of iiir, a-'BcrrtKlin^;; or dcM^cntting; witKiii thr cofiC, will he 
^mxlticviif tiud dwy W1 impnir Uw licciimcT of tbcobvcr^ntioti. A 
ddiofttc IjaImioc will liulicate a diffrivncc of weight n|uoJ to about 
tWW* ^f what it will corrr in «!kch pan. 

Specific Grovittf. 

{19) If eqQjJ tiu1k« of maitf^ of different ktnd» bo compaxnl 
together, the; wlU be found lo diflcr very ffrcaLly iti freight. 

ft, Orwna- 

Too rtihic in(*l«*» of liydrr^rti will wfiigh ^"'4 

» „ of air „ 31^00 

of wiitrr „ j-^ 1524^00 

„ ,^ of iron ,^ 2811 

„ „ <>f iJatiiium ,, 75 'W 

PUtinuia, the hcnviot bodjr with which we arc aa|uuintcd, 
id upward* of 300,000 tim«» op dmnc^ buJk for hulk, 110 hydrof^ou, 
whieh b tbi? li(rlit<->»t mnti-'riol known. 

Thc eumjuritoii of ihc^ wr^ighu uf cv^unl bulk* of tUfierrul bodies, 
when rdm^ to « tmi^mi irtaudard, ooustitutM their spftriBc 
gmvily, or rcliLiitt votphi, i.*-., the WL-i|;ht which i« spivifi^ or 
pcniiiftT toearii kiiid of iiiAlIer. The !s|M^nf]o grAvily of a hndy 
fomtft one ttt iIa meat importAiit and dUtingutflJiing phvrttcal trluu 
TWtefB. 'Flic minend iron pyrites, for itiHiaiu^, is in eoloor almost 
CEBCtl^ like ^Id; but it ia at omn^ fSiHtin^bhedfrom the pn^eiooft 
metml liy ihv diffcreticc in specific i^rantr, an equal bidk of i[Oid 
bdn^ DCmriy fuur timi-« a« bmvy. The niinilR-T% u»cd to n'prf^tent 
the apeci lie gravity uf 6olid» or liquids areohtniiKHl by ci>iii|iariQg a 
known w«i;:)tt of th« bmly uwlcr cx|)crimeiit with the wdght of an 
eqiLol bulk of ilintillnl watctr, which hax \irt'n vf}e€U^ as the sundvd 
^of rcfemice. Iti thiH oimiary tlit- miMrrimeiit Ia tuule at a tvm- 
pcretare of 60*^ P. t'br ga^ett and vapuun, atinoflpheric air at 6<^ 
Jfr, and tlu bironit^er *iUu<ling at 30 inches, is omploi,-cd na the 
ataudard.* For the purpose ol' cjUcoJatii^ the epedfic gravity of 



• Ptjiiirl rmiUi»ly tli^ ttAitJAn^ tt-mpfrnlTiiv aim! prfvumrrr ndopud la FrsiM6 
dJflVr* Ifvm ihtl oinpli>y«l in Kiiji^Und. In Fra&rv, ^^ F^ «• the tetDp*- 
mtiin*; Kitd 760 miiiitDPlre*, «r ^ 97J mchci i» the ht-if;bl of x\m hsromvur 
' ~ ' ia a««ma#d a« tk« «twu1m. Tb« unit uf dmrnty, howfrrr, h ool 
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any suluitatifc, wolid or liquid, it i* therefore ii]in|)1v n-rowwary to 
M3»xrta^, ^T%i, ihp wcriglil of the bodr in qiicwtina, thru tttnl 4jf nu 
i;qt[jd bulk of water, lA'hcn thin i« dmjf'j *Er(> tiliUun hy jdm|ilc; 
pnijH>rliiiii the spMrifir gratity nf thc^ hntly uiifl«<r rxnniinntlon, 
thjU. of ii>(er iH-irig n«Hiinmi fu i , Tf, lu w th^ (Muie with a large 
numlxu- 4if ftoltda, tJiTi^y tin- lit^iier IIiild wnt<7p tli« «|)Wrif>c cnrity 
merely t«llahow many tinieti hfavi(!r they are ibau their otm balk 
of that fluid : — 



Wcij^ht oi\ f S|)cci11c gravity 
t<[iLid bulk ^ = < 
of water 



;i 



of vitttcr, 
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required, 

(30} Thr dotcrmiiuition of the weights of cqiial bulks of liqoida 
and of water U i^^n.-^ilr nia«l€ iti the following miuiucr: — Take a 
light bolt Ic fun jishtt! with a ¥toj>pcr, aiid Wfigli it when empty; 
fill it wilh watw, atid weigh it jipun ; the cliffi^n.fiic^, of coun«c, iriU 
he tJie Height of the water vliicli it eouUitturt. l-'nipty the bottle, 
Ihtm lill it with the liquid for triul luid ncL^h. On dMucting the 
ireigbt of itic bottle, ae obtaiii l!je weight of a bulk of liquid 
exactly (?qua] to tliat of tlie nater* In pnu^ticv it is luuaJ to 
cnijiloy ft Initiic that hoM:; oxnctly loco ^raiiis of ttiEtiUcd iratcr 
at 60*, IS wireii tUi* !)otlie in filled with the licpiid under trial, 
tlie weiglu ill gndiis iif tlie liquid r<^]n>i'iiL*« the ff^jineilic gravity nt 
tnicc, without rnlcidatioti. I^r cimvniietKt-, a i:uimt<T|n>ii«c uf 
braw ia a4ljii!<lt-<t to the u<*i^bl uf the ^-tnpLy 
bottle. Suji|Kwi.T llip <*ouulcqjt>i!M.-d Iwltlt, wbicli, 
whcTD fillud witli waK^r, wdj;!ia JOCO gniiu*, in 
addition to the cmiutcrpuiac^ to he filled with pum 
alcohol ; it will now wei^h only 793 {^rnias, and 
the spocific gravity of the aJeohnl will be 079a; 
for 1000 : rooo :: 79a ; 0'793. The namo bottle 
Rllcf! with oil of Wtriol Wf»nld wrigh 1^45 grninn. 
It* apivific gravity would thcrr-fon* \tc nprcjsoalcd 
at t^^s 

Por aeciifAtc purponr^jt, a fliuck of the an- 
neiotl form (li^. 4] 19 prpfcridili; to all otliera ; 
a mark ait a, in tlie coiitruded i)ortioii of the neck. 
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&k rolam^ of fto n^iud bulk of irnt<ir, at 31°, but nt 39*'2, the puoat of UMai* 
mona dciwitTofikit fluid. (1^7 > 

TltCM rt>lacioru are miioh tnoro fAtnpIrt tiinnthosp ftdopf^d in Rti^l^nd; 
tboi^b lb thp ciuc of liqiiii3«i and t^*^^ tb^TO \f> an A4vnnl«fE^ in the (jic'ihl^ uf 
•Ocarmjf « tuuibrm l^mpprature of ji^ at all tiouv, liy the iJ** of mWlib^f ic*. 
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jtulioate* th« level occupiucl by toco f(riiin« of vntcr at 60^. The 
ftiuk filial wiUi tlie liqukl uiLcliir tnttl^ a littl<> above; this m&rk, 
U Ui^n pbtoed for an lioiir in naU-T, wliirU mtittt 1m> nmintaiDed 
at 60^. Ai tike end of Uiat time the KUjifrffnonH yu\mi\ in thA ftji^k 
is dravn off \yy mcaiia of a pijirtK* till il KUat1» eiaetJy at ikte. 
Idi^cl of t)R* inark i tUi* stoi^per U iith4!rteil, aitd the weighty ufier 
caHul drying uf the ont&idc, u taken. Bottles nluch coiLtaia only 
too or 200 piun» up lo tb«- f:ntc)uatioii im ttie ntck, may often 
lie cpiployi^ uitli lulvoittiiev? iu^tcad of the larf^rr one. 

In |irinctple, tlie detornnnntioD of the specific pmnti^ of gues 
iff the karae : a ffask or ^lal>c t* wrighctl irlu^ empty, again vrh«n 
lil!i:d witli air. and a third time, irlien the gw under trial has 
been substituted for atnioaiilierie air fianea, houei'^r, arc liable 
to ronaidrrablc Hiaii<;c8 of bulk fiam ^i^ht Tanatioo§ of PitcmaJ 
ciriMimfttaDcv« ; bmcc, in taking tlieir Bpecitic ^avity^ ecrtaio pre* 
CftutkOiM are ncccwoiy, vbidi will bo fully described fiirtlier on 
(140). 

[11} With M:ili4U, a different, but not ks« timple tnetliod la 
ftdopted, tlKHigb renting 011 a principle by no ineaiist vo oWious. 
T1u» jMifirijile vas oue of the great diitenvmcs of ArcbimedeB: it, 
may be thtiaetpl^ned ; — \Vhen a body ih plun^l beneath the sui^ 
fhce of li<|md it oliviouslj diiiplaoea a bulk of auch liquid equal to 
itaclf, and cou^wjiieiilly it i» prew«ed upon or nupiiurled in ihc licpiid, 
nithiifonx'exMctly »|iul lo thai milbnbicU lite pJUticlca of tlic liquid 
were aujipurtvd, vrheri tbcy 
previou^ij occupied i%* places 
tb« undid w'%\\ tbcrHbrc nf^Mur 
to have to«t «vight f-xoctly 
equivalnat to that of tlie bulk 
of liquid whidi it oocupien. 
The; cipi-raboD rc-qturetl tor 
aMH^Ttuiiiiiig tlie 4[ientie gra^ 
▼ity ocmsiate, tlierefore, in 
wcfti^ting the Wid in air, then 
hannj; Hu^tfoded it by il 
boraehair from the scale-put, 
placing it in dtHtillcd water 
At 6o^ atui tigaiii wrifE;hin(r ; - , 
thft dilferciicc of the tir^i 
weights will 1)0 that (rf it^ 
ova bulk of vater. (fig. si 
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vrsciFic oUAViTV or SOLIIW. 

A piece of k-iid for instance, veigliA in air . . 820 pmti4. 
„ » „ in nater . . 7-ig gmina* 



IxiM : bcin^ the vei^zbl of flii c(\xtai bulk of water. ; i |:rsi]i«. 
Tlje t])eoific (javity of thi* \vm\ ik oTitnTTtrH from tbew dita by 
the AjiplioatLon of |>roportion, iu tbe following riiAnii<^r: — 

71 ; i^coo ;: 8ao : *(" ii"54 iip, gr. of lend.) 

TI1C itilc for olitaiuiiig tlvc MpecifLC gravity of a m\i<\ mny 
ihvTvfovi' Ix- cAprnwett hi the fiiTluvlii^ terms: divide xhts wvaf^ht of 
th^ lK>dy ill air hy l\w \oaa vhiirli it e\]H-'rii:'nrt'Ev wlieu wety^licd in 
water; tbe 4|ui>tiriLt is tbe n^uiicd BpixrifK' gravity. The exp& 
ririLeiital fjroof *jf iht coiTCcliwaa of tlic |jrijn:iplc, vii,, t)i&t the 
»olid lunca vri^lil Ctjiud tu tbat of Uic water uliicU it divphux^, i» 
cattly (fiTCO). Take a metal cyliiutcr vbich acciiiut<'ly 6t»j and 
completely lUlh die citvity of & c)'1itiHncal cup ; couiilcrpoiBo the 
two vrbcn «it»]»cii'W m air from oho cxtrcniity of the balance 
beam. Then witb<lra« th« mct^^ P^"?' >^<^ niupc^iid it by a hair 
to a hook at tie Wttom of tbc cup, wluoli muiit itill rctniuu 
atk44*}]od t4> tlir biUnncr, and pWc Uw plug »o suiiprTidcd in iluu 
tilW wat<*r; tbc^ cvyintrrpoisc* ^nll now 1m muo-h tiio h^avy : fill 
the cvlindrirrnl rnp with wrttcr^ — (wM, that U, llii? u'cl^ht of ii bnlV 
of wat^r e(|ual to the bulk of tlie phi^,) atid the balimo^ aill lie 
re^tofMl. 

Ocoa^nnally Jtbappens tbal a knowledge of tlie npecific (frarity 
of a body in tbc toriu of a jioudcr is ic((viired; iii eiicli a c^&t 
the method of laldng tbc sjiccific gravity requires to be slightly 
mcdified. Suppose it be desired 10 fbid the Apccifie ^p^vity of a 
K]Ki-ic9 of randp we may pmc^ecd Of^ follow* : — take a bottle wbieh 
c^ntoinss when full, & known weight of diJ^tilled water, tooo 
gmiii^r for example ; weigli into it, wben empty, n qimniity, e.ff^, 
150 gi-aiii^, of Hand, ^up^jniiig that the aaitd liail not diitpWed any 
water, tbe Ijottle wben filled up with tlmt fluid, would now weigh 
1 150 grains; but on actually wciphiu^ ibc bottle after il baa been 
liUedup.ttisfound tlmt the water aiid sand together weigh only 1096 
grains; the aaud therefore ha4diq>laecil ^^^ninv ofwater. We bare 
thiu the data for caleulating tbc t^pi^ltic gravity of the i^nil, vix. 

54 : rooo :: 1^50 : ^ [- 3764)^ the speciJic granty of the fiaud. 

If the »iubKtancc be aoluble in water, it mX)M 1)e weighed in air u 
UBiiiid ; then in spirit of wine, in oil of turpentine, or in some liquid 
whi^'h d<x*A itnt di^otve it, aitd tlie »peeifie ^nivity nf wliieh i« k»owtt. 
If the body be tx> li^ht aa to float iu water, it miut be iittaehcd to a 
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■olid, the- wHglit of whi(?h ui wnt^ h^t l>ecii ftfiorrtaiiu^, arul wlii^^li 
U iiiflici'^iilly licnvy to k(«p tlie )r|cHtt-r bojy, wlirii fnjitonnd to it, 
iM-tH'atb llii' KLijfMW; llie weight in vfut*T «f (Ik? twi> nnitod ItoHim 
in thfii (IfUrmunnlp aiid tlie mult thiui olitamt^l in f1t<Hni-t4<i) fVnm 
thie ireighi of tli*? heavier solid in water : if lo iUtfi n-mftJiKW the 
vogfat of tbe li^lit Ixxly in air be abided, we »re funiijJii^I with 
the weight of a hulk of water i'qual to that of the liji^liter Holid, and 
h&ve tlic data for calculating the Bpccific gravity by ptojiortloii, in 
the usual nuuiQcr. 

(aa) Hydroniettr. — AnotlLCT method of 
taking tlie Kgiecitie gravity of ]jqui(l«, roiiBiij«t« 
ill tlic [De of the imtruinciit colled (lie Itt/dro- 
meitr or aerometer* 

Tlie hydromctcT (lig. 6) cx)iisiMs of a gra- 
duated scale, vhioh h niode to tliiet \'crt]cally 
in the bquid, \r\- mvnri» uf a hollow bait of 
gfaw or hriL"*, ci.niutcr}ti>tKcil Ijy a duly ad- 
JuK',ird weight uttiicht.'d In the lower cud of the 
ijiNtriinie-at. A portion of the »tem of the iu- 
Ktriimptit mu5t always float above tJie surface 
of the liqtiid, the specific graiity of wtiieh is to 
be detenumed. It is obriouE, thai whcii placed 
ui any ttuid contained in a ve«&cl of bufll* 
cicut dt^plh^ It will Mikk until it luw dUplacc^l a bulk of lu|uid 
n[iuil to itn oirm wt^ight ; in dcniK! liquiiLi it wilt viuk to & smaller 
depth ; in a lighter liquid it irill sink to a grcettcr extent, an 
Adilitioiial pi>rliou of tlic tXexa )icing In tli^ latti^r cunr ininieri>rid, 
until it has clir^dcu-v<l a (tufficic-ut nclditiouid quautity of the 
hquid to com])t-iJEiate f<^ the diuiiui^hi-^d <L'uiiity of the fluid 
under trijd. Tlie uintrunieiit may either be aupplied with n 
acale, graduated uix>ii the ^tpui \i\' trial iu liquida of known 
speeiAc gravity, so as to girp the result by mere inspection, 
or an arhitmry smie of ^tial parto may l}e n^fd. and the ralues 
indiealed may be a»crrtniued liy i*efcreticc to tjd>k"K constructed 
K>r tlkC puriKJsc. lu praetice, it in found convi-uieut to emi^loy 
two instnuacutft. one gnuluntcd for fluids lighter than water, 
aiKitlicr for tlto^o wlii<'h are h(,-j»vier; the need of an inconvenient 
Jei^i of tttem IK thus ohnated. 

The h}tlroinctcr ia, vith eui tabic precautious, capable of 




* TWbl^ oT Booamj'* uiid TwAd^l'a Ikydrooict^vt frill bo foiutd in tLd 
Appcadiz- 
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■Amiiiig Tirry im*iirntj' imiilbt. It m em^Uyyt'A \vy ihr Kxciw^ flnr 
dd^-f^rrnining t\u* htn'ii^b of Kpiriliuim liijiumt. T]\c: tird'mary glass 
i ii>t n 11111' 11 tx, liownv^rj only lurtiUli HpiirtitintiLtiiin* tii ;1ic tratJi, 
whicli, for the comutnn i>ur|ic»eH of tiie lu-ut^ arc quurkly obtiuEKtl, 
and sore ftuftic-ienlly exa^^t. 

(a^l Ccrreethn of H'tighU taktn in Air. — Tlie ai>|an^]t w^if:lit 
of every substance in the atioospherr [that ifl, the force \rith which 
it ftp|)cnra to l>c drawii to tlic earth), is slnays a little Ipsa tUau its 
ftCtual wt'i^htf l)ccnusc thi* air tends tc supjiort tlic body witb the 
iamc fonrc vritli which it vutild i^iippiirt a portion of air of the same 
- Inilk ax the Ixxly itMcIf. The weight <>f thi* dii«phu7cd portioQ of 
nir ni:iy t'Ji»Uy (>e n^ccHAiiKHl, if tht? it|iecif>c (fri^vity of the Kuly Ikc 
knoYtii; as from the ohniTiird weight ofth^i iKKly^ we aai eal<*rihitc 
directly the weight of aa eijiul bulkof water, AudTfr of thin wdght 
will piTc the weight of a eorrespoiMhiip: bulk of air at mean lein- 
pcraturc and prc»stire. This weight rnuet be added to that actually 
found; at tbc same time a similar and opposite correction will be 
required for the metal weights xis^ in the expcrimetit, IjceauM.' they 
«iil alHOa|>pi^nr ttjj;hti-rtbttti tli^y n-nlly ar<^; and an nniuunt of weight 
I^Tvater than the tnic unc^ will 1>e mpiireil to cilW^t i\w counter' 
poiMT. If, tlK^rt^fuiT, Lilt; weighls Uu\e tlu? vi^uuKt i())&:ifLc gravity im 
the Ix^dj (\>uut(.-rf)oil^e<lr the twti corrvetionb nill neatndiae C9cli 
other; but if, an lii vetj^hiiif; ff^^^^^r tJiere la a fT^^t diA^raioe 
between thetn, the corrcctioti will be one of importaiicc- The true 
weight »afi^'ht will be thvts obtained:- — Add to the wcif^ht of tht 
hoAj in air the weight of the bulk of air it haa dieplaccil, and 
deduct from tbifs the weight of tl»o hulk of air displaced by the 
metal weight* etnployorl. 

The eorrrrtnew of the fore^ing otutfrvationii adraita of fu 
M^ evpe>nnu*iital illiulmtioa. If a light ^>cMly, «ueh an n picco of 
eork, he AiiKpirndr*i1 in air fh>m one end *i^ a nnde Imun, and Iw 
eoitntfT|ioiHed ai the oilier by a metal wci^^lit, then on pWing tlie 
apparatus imder the receiver of tlie air*puDip, and exhauntiitg tl>a 
air, the eork witl pradually fti>pear to piiej)on d crate ; but on airain 
itlmitting tlic air, the cquiUhrium will be restored. 
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ciiArrKK III. 

o\ SOUK VAitimea or uolibcvlab. r^Rce. 

L Bl4uticit}f,~lL CQAetiott.—UL Adhesion.— 1\\ CryttQltizati<m, 

(^4) BmdcA ilie attractive |K>n'er of gmtit^ vliUrh o|ic»:4« 
thruuf;b diiiUnoes bo vsuc thftt tlie mind U Loict lu ihe nttctupt to 
ettiiunte ao4 FX|ilotYT thc-rn, otlier forma of attmcti'^u e-iiitt; Lut 
thej are exerted only through distADCfv fvi minute, a^ to be in- 
appreciable to our unaided »ni0e8: uidycrt.upou the exertion of these 
forces, the form, and nai the chnincal properties of bo^es depend. 

The first of thoc furL^i-^ i» kmmn %» coht^n^ and it acta 
bcivocn the purticlo* of mntlcr which are nmilar iii kind. Hut 
iDtcnftiiy of tlii^ force detcrmioei wliethcr the body be wi>X\^^ liquid, 
or giseoiu. 

The teooud of the«e forceii ia that of ai/^^^ir?i, and it i^ exerted 
Tietweeu disflimiUr kindfi of niattor, luid unites than, as in the chaq 
of the intervcTitioo of cements into oitc connjfiteiit vbole. 

The thiitlp and to the tihcoii«t the moft itnportotiit of thcec 
forccSj \% thitt known a« ehtmicat ixffitiittf, vhich c^jiujteH the union 
of diMiniilar particleJ of nutter of in\'i!iiblt! mitmtenets, re-arrELti^cs 
Ibnn iu nevr fortna^ and pnjduccA q comjMJund bodj' endowed with 
new prc^MTtieA. 

Reacting a^nstall these moleculiir attractions, is the repulsive 
poirer of beat, which m&y be ratted high enough to overoone 
them fdl, and which in a modified fonn, wh^*ii liidauccd against these 
ftttmc'tLTe force, |inHlucc7« thut 4^(iii|H>iM^ iu dl^t^nce bctweim the 
couiititiicut parlidot of uJBiorial olijti^irtn ux |^u«ntl, which i« iodg* 
tutcd t» cItuUirity. 

Forgn* nliicK tlius act at thcMc minute ditrtAVcea only, arc 
tcrocd m&leciUar foroos^ in coutnbdiatincUou to thoctc ivhick like 
gratityi net upon the mftasr f^ 0|jerutc thro\igli groat distanoee. 

f I. GLASTlCnV — MKCffAKtCAL PKOFEBTIKS Of GASES. 

(25) Bv et<M*ticit^ vre undemtanil thr rmiHtaiK^o thnt u Ixuly olTci^ 
to compression or t4> e:itensHm, and the puwL'r which it porihcnscs 
of regaining its form or bulk when tlic pruMsurc or tciuiion is 
vitbdnwn. 

The law which re^idatos elasticity, in porfrctly olaatio bodies, 
niav be cxpri^ucd by the statemeitt tkst the resi^taneo is directly 
proportioued to the coinpremng force, Tbua a howj or a sprSogj 
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bent to a certaiD extent with a force of lo lb., will be bent to 
double that extent with a force of 20 lb. 

All solids have limits to their elasticity, and there are very 
few which are perfectly elastic, even within those limits ; that is to 
say, there are few bodies which perfectly recover their form afler 
having been stretched or compressed ; if compressed beyond a 
certain point, they either ' set/ and alter their shape, aa ia the 
case with lead ; or they break, as is the case with glass. 

The elasticity of glass and steel is, within the bounds of their 
cohesion, almost perfect : that of caoutchouc, on the contrary, is im- 
perfect; for, by frequent stretching, it becomes permanently 
elongated. 

Liquids possess a small, but very perfect elasticity, vhich 
varies in amount in different liquids ; the densest liquids, in general, 
being those whicli least admit of compression. The following 
table exhibits some experimental results obtained on this subject by 
Messrs. Colladon and Sturm :* 

CompressUAlity of Liquids. 







CompmAiob in 


&Mii^ of pna- 


TirUtxnuin 




Temp. ' F. 


UnJiDntlnfbr emet 


■urfl ID 




Mercury 




»dditiOQ>l •tin. 


MnuMphnva. 


3,c 


5-3 


I 1030 


regoJiir 


Sulphuric Acrid 


t* 


33- 


I » 16 


If 


Wuter 




5'-3 


I 1. 34 




Acotic Ether 


" 


73 


I „ 16 


761068 


Oil of Turpentine 




g 


I . 36 


re^lsr 


Hydrochloric Ether 
Alcohol 


5=° 


I „ 13 


S5 9 to 83-3 


II 


93B 


I .. 34 


p6'3 to 8p 


Ether 


yr 


145^ 


I .. 24 


146 to 138 



One million parts of mercury, for example, was found hy each 
additional presstue of 15 pounds upon the square inch, to diminidi 
in hulk 5"3 parts. One million psrts of water su^red a compres- 
sion nearly ten times as great, heing reduced more than 51 parts; 
the pressure of the atmosphere being estimated on an average at 
15 pounils upon every square inch of the earth's suHace. 

Regnault has more recently determined the compressibility both 
of water and of mercury with very great care. He considers the 
results of Colladon and Sturm to be a little too high ; and estimatee 
the compression of mercury for each atmosphere at 3^5 millionths 
of ita bulk; whilst he found that of water to be equal to 47 
millionths of its bulk. 
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Tbc comprcwibility ^ liquids is greater 

(26) Botflr'f or SiarriUW* Law of Elasticity 
im Gamti. — h b, kovever, i» icucn that U>c moM 
esieosive und perfect (Liftpla> of d«jitjcity is to 
be ■een; it coustitutea indeed thetr modt impcw- 
tant phyncaJ pecaliaiity. It may be stated vitlkout 
acaiibk crrur, tbat withiii ihc Limits of ordiiury 
experiment, ' tbc i-ohuDc of au mrnform bcxlj ia 
intcnidjr m the prcsuture t<> vrhicb it w «apo«rcl :' 
csanueqnciitt}' b}' duuUiiig lli« practure ii« lujic 
tlie roluiae, by trebling it ve reduce >t to ocke 
tbinl; ' but the dasiirity is iocrcafcd directly m.i 
tbe prrsfiurc ;' 1^ doubliu^ tbc prcsi^urG tc dou]>le 
the elasticity. Tlicse ficts ore etrikingfly ex*- 
htfaitcd in tlic fdlloiring cxpt-hiuitit dcvi^icd br 
Bo^le, and more acvurah^ly {jfrTonunc] by Miir- 
Tvitlc, ami lW Uw ]ia» bcuci; bccu tcrmul Buylt^'v 
or Mxmulttf's Uw. 

Take a bc»t tube (%. 7) of uuifonu bon^ 
one limb of irliicb u* about 11 uv:bc» loug, vul 
fionusbcd wiih a Mop-coeli; tbc other liaab bcmg 
6 fcot in tcn^, and open nt the top. Pour a 
1HU« mcvcury into the bend of tb<^ tnbc^ and 
ctoM the Ntojwciick. The air m t]i« mbort 
lim)i i» nrjw of the viuiur i'bL'*(i4'ity aft tbiit *>f 
the iiliiKM|)hJTC at the *poC ; and rlic air at the 
flUT&ee of the eartli, as will prewntly be more 
ftiUy eaipkined, is tuidef the pirssurc due to the 
ttcifbt of iu own ffupcrincaDtbcnt man; the 
aiuount of ibis pressure i« aiKrrtwnNl by oTr««rving 
Uic height of the mnruiirial column in tlic baro- 
meter fet lh€ timcn Nfxt ixmr mercury into ilic 
open Umb of the- Ijeut tulje, the air in the shorter 
limb lill slowly dimintidi in bulk : nhca the 
mercury in the \m^^ limb standi st a height 
above the lerel of that in tlto stiorter, exactly 
equal to the bright of tbe barometer at the time, 
the oomprcincd air irill occupy a length of tho 
fthortcrtulM^, exactly ecjual to ooe half of that irhkh 
it did lit the begiiiinng of the ejtpcrimcnt^ the air 
ia subject to a pressure exactly double. On adding 
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moTtr mciviir^j tOI tli4^ column U twic<r-t1ic hriglit of tlic Tttromctric 
catunuir tfio prcauurcr will U? incrc'iucHl l1inxf4>l[), mid d>e lur vibn 
nftw (M!(Hipy imly ono tbini of ib origiiml liulk.* ^H 

(ly) 4i»M« a»ul vupoiirt or &la»iie finith, ha (hr!j- ar*^ frrqttnitljr 
tanuiid, dillW fi-om ItiinidH In the <-ntir»- iilfcwiira- uf inhf-^ioTi nmrwi^ 
their particles. A ves>*l umy l>e filled riilier juirti;ill3- iir witn- 
plct^ly with a liquid, and thU liquid \\W\ Imve a dirfiuiu^ level 
flurfiu.*c or limit. Willi ^a^cs it is olliei^ iac : lh<*y always perfectly 
fill the tcsk4 tUat contains tlicm, liowc^cr inrgular itd form. 
luKteod of oobenoi) tb^e ia a mutual repulsion among tlietr 
piirtiHt*. Tbrac particU*^ Iiarc u cDiitiuiial tcndciwy to icctde 
fni'iiKT ft"oni wicb cplhcr, au<l tbty tlirrcfor*^ exert a pri<ssurc iti lui 
outvaid dir(*ction iifion the ni^i-^ uf the vcmcl which coW 
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theta. 'Hils outw;Lr<l pr^naiirc 1h greater or k<«i accorfliug m 
elasticity of tbe f^as ia iTLerea>ird or iliniiiil^luHr Indi?t^l, ibe bulk 
of a g&a depc-DcIa entirely U[K)u the presiMire whicli is eierlcil u|x>a 
it. These facts admit of ex jjcn mental proof in the folloftiji^ way. 
Froeurc a stout cylincbncaj ^laas lube open at one extrcmitT, and 
Oapnbk of being cIom^ at the oIUlt by a stop-cock ; fit it with a solid 
pl^1lgl^^ that »liilc» mr-tiglit up and dowti within it : open the rtop^H 
rock, place tlif plnvt};i.T half way down, and frll the \-&^\ niili )^R>^| 
coloured gn^^ nudi aa the pcroxtile of nitrogen, NO/ now do^e the 



• Till* vlabvriLtf rxptrimeota of 31agnv« {Ann^ de C^imie W d^ PAffifwr, 
TIT, 1T,^^) nnrt ii^f Tl«>Knnii]t (Th. iv, i, Nurt v. ^i.)hnv». ltoH'/ivi*r, Ahcvn UuU 
thiBlan u not ripdly tu-cuml^, For atmoapherifj air. for liydroffiMiH otygen, 
vxd aiUotftn. *tid j^ruornJIy for ff»*ci» which Imtc i-ithrr never bwn Titpi-fled. 
or unly ]i(|»4*lWil iiiiJir (■fi<»rnii'iiii' |trrii«iin'*. lli«- Iau in xfrj n^nrlr i^iirivi-t, 
even undi.-r a pri'iKurv of ■cvcrikl atntonpherv*, but for iho*r itlntL litjuvfy 
more tvidily ii in iioi »o, th^ iifurri' tlioy npc mnd^ lo ftpjm>iu'h to ilir pi:>Uk1 of 
|K|iiffnotk>n llir ^jTc^trr in fho difliTpTirr twl^wrti th* voluinr ii^uidly ntiMprrpd, 
nod the tPi^uXi rnl. ukt^^d- 'J'hc^ ooiUraction i« niwnyi found to be aiOK oon* 
iidrrnblt', hy ex|K-ruzic-(jt. Ilian it ulinuid W l^y tli<» law ufually aHUCicd. 

Bo^nuft, ilk hiP Fxporiini-ntF. oblAint-d tin* ro*u}t« rtuKnliE^ ]ti lSi< follow- 

faur tabl-M tl^^ t>lio^ oojj*]citfrabti>dnittti<^ui frum th« Ian in four unportant 
ipu«* uuder high pnrvaurdi. 
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Iha olajttidiy of fcydrojft'n Ih^n^fur^ ini-Ti^ofc* cf en wor^ rapidij) Ihin ttui 
prMfOtv i with tlitf otli<r i;fcA^M Ihr* tr-lai'tioitT dr>eB not quiti* keep yttc* with 
U. It would •ccralVom th»« «xpciinKrit« lu if (hero vrrro mere probiibillLj of 

liqut(f iug ovjfea thili aitrqfei;> aud botb ihif*v than hydrogen. 
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itto|)-cook umI <1r&w the pUton upwanU, the gmn iiilJ he Bccti to 
dilaU, aiul the rv<l v&pour will Mtill rtilin*ly Jill ihi? tiihc ; but n coii- 
fti(1anil3]« rosUtiint^ to i\w upvArd mcktiou nf thr |»4ton is ex- 
perioncoicl, tbe 4lilaU<<) ^pu lion ibt i^iulintj mlitrrd Tw^lon tlint ol 
tJte exUn^ial air, itml nix rt-Ii-iMiu}; tin? pinion il in rnrcM) Ijoick to xhe 
muldle of liie tulje i iTiir elialiHiy u( the ^a* wttliin, and 
that of tbc air vitliout, &i^ novr ecpial. N'nv alt^^mpt to 
tlinist the pi«toii to tike bottom of the lube ; |i:reaC reaisU 
mcc will bo ixpcriciiccdf but the *;as will yield to the pT6»- 
Aire iwd will be cottdciwcd into a smftllcr »paoc, vfailc 
it» elasticity will be proptortiouittcly increased ; but the 
iiuttaiit Uie jirt-jwurc i* tli«^x>ntinucil. llic piKton will ri*e 
up a^c^n, auil tHVupy iu fmt |Kwitioii midday bcdwccu 
thi! two cmU of the ryliudef. (fig If,) 

(28) Air Pump. — Advautn^e in taken of tliia *A\i^ 
ticity and expansibility of ^^ea iu tbe couHtntetion 
of tlie air-piiiiip, an inatrumcnt desired tor tbe 
mncival ofnirfrom closnl vesscK The principle ol its 
coiu4nietK)n may be oxphimod in tlie TotlowHi^ m.inuer, 

SnppuNe time iv metal ryliiKlcr, iw^c^irately boivd, Ijc 
fined with a \ivAUm Miailar to lliat sboivn in K^. 8, 
but provided in addition with a Anuitl o|>eiun|^, 
OQvcrnl by a flap or valve 4>f oiled silk, whieli 
opca» upwunU \n tiulwujdB ; »n furciu^f ihu ptbtuu 
douiiiiriLrds, the ccu]pTC«M.->d air ^tll eHru^e throu^^ the 
vijve, but on ftttcnapliug to vitlidi^aw the pii*t«n uo air 
will be ahlc to reenter tbc cylJiidcrp and a ri:M«t4uiec 
win Ivc cxpcrioDccd, owing to the prc»»nrr on the upprr 
kurlUt% of the piston o<?ctt«ioncd by the eln#.tieity of \\\c 
e&tcmal wr. If the eylitidcr be provided with a icc^oud 
raJve at tlto bottom, opt^iiing in the lanie directiiiit lu 
that \i\ the pi»ton, tbi* vulvi* will, i>n tliriLslinfC donn 
tlip pistori, be oI<>t^ hy the eliMtifily of tbe inrlwled 
air, wliile tlie upper ^-alvt* will l)e opened; on with- 
dmvin^ the piston, the effect U reversed, and the lower 
i-alve rises, the air enterA, while the ralvc in the 
piiitOQ i« firmly closed. Such on rurantretnenl con^ti- 
tnteft tbe exhausting syringe or air-pump in ita nifupleat 
Sarm. (fig. 9.) In tlie nuial and mi^re convL^nient form 
of the air-piitnpf (fig, 10) a bniM tidie piuneH from the 
bottom of the ajTin^ and tenninates in the eeetre of a 
diak of hra^ ur of (flaxtj ip'o^ind ac^airatcly flat : the cd^ of 
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„ ihe veyid from wln<4i tliol 

Fia. to. - - ^ I 1 . J ' ' 

air lift to UP <^xliii[iMt<Mi i« 

aUn gnmnri truly, unfl It w 

inverted uiKiti the plnte^^ 

On workiTiff I lie ny* 

rin^rc, the cUsticitr 

Ihc air within the 

or rroci\Tr ruift«« r!ic l:>w<*r " 

valve, nnd Ihc diUtol air 

eiitf-rH \\ie. vftctium ]>ro- 

fluced in the lower part^ 

of the cyliiidirr \yy with- 

drtLwing the pbton ; the 

ur thtis Af]niU(ed sgain 

nii*c» the vnlvc of tkc 

pi^toa, wheii tho lattn* ifl «o fur deprewied ah to rendt-r Iht- c1b»- 

ticily of tlie air iKTicath it •■i»mor to that of the atmosphere: the 

snxnc action pn^ on with every sticccssiie niotiou of tlie piston, 

until the elaatieity of the air within becomes so much diminislied 

as to be ioauflicieDC to raise tlic loner vnlvc. Vov cx^nvcniczice, tvo 

of these cxhauBtint; syrinf^ are oFlvu coinhinud in the air-pump, 

and an* inadc to nork Bltcniairly by n ni^k and piiiioti. 

(sy.) Pump unth Sintfir IiarrrL—\ niorc complete 

\-n<imiin niny Xtr »l)tiiincd with rt pumpof grimplcrron- 

Btrurtion, but tbo lal*our of luin^ it ta 4«ii»i«U-ruMy 

prenttTr, Th<! (iilTereiitv Ixititoeii this fono <*f the 

uistrtimmt aud the one just do^c^rihcxl will hu readily 

unden^ood with tho AKAi«1ance of ^(^tiro ii. TIlia 

pump cOTuvists of a single baii<el, within which a iolid 

plunger A, movcn air^igbt The plungrr is eon- 

nn-t<yt v)th a Kinorifh n«iliH rod n, vrhiHt ako 

worlcH air-tin^lit thronjch a Miiftiii^ Itox », at tlic t'>p 

of the barrel. Iii tliia fttuflinjt-lxix \^ a ootiiral 

metal idnff, or \alve v. wlitcli Open* up wards, 

and which project* a little way bekTiv the under 

«tirfiicc of the fttuffiim-box, vhicli is ground ftat. The 

commiini<Alii>ii r, iK'twccn the plate of the jnimp and the harrel is 

made at a sullideiit di«tiinei.> from tlie hottoin to allow the plmt^r 

to ptiw completely beyond it In order to iwc the iiiAtnimetit the 

plunger in curried down to the bottom of the bftrrel, the rtc-civcr is 

then attached to the plate, and the pi^toa rai*ed. In ri^inJ^, the air 

coiitaiued in the barrel i% expelled ihmufch the laWe in the ittufting- 

box, aud bubble up ttircugh the oil placed there t» keei* tl 
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Air-lLgfal. When the pwton dow cWcvnds, a complete v»<-uuni it 
fflnnf?4l brlnw it, until it pftwen below the apevtufe vlik*h leads to tlie 
tvcrivnr ; tlir Air tbcn mnhe^ in abov«^ the piston ; thm jxirlioii is in 
turu cipcllcd bjr ruMog the piAtou ag«in ; And tii« cihausliou may 
111 tliis VAX be f^orried on till it bivi>imo« almost complete, bccAtiso 
the talvi* in now nii>Md iwt Mttiply liy the diwUt-ity of Ibc air t-oQ* 
fined belov the jnttton, but it b ptuba) up by the upper siirfitce 
of tbc |iotoD iUelf, and tho ]^i bubble of alt i» dinidftced by a 
drop of oil vrkicb Bows past the x^lve atid thLi» eflecta ita ex* 

jKllftioiL 

[30) The increase i& bulk of the enclosed ^r. And consequent 
dficreuc in ic« elMticity^ may be tllustrat;^) by placing a tube, 
blown into a bulb ut one end, full of uir, and ^tb it» open mouth 
domiwardft, inserlal in a virswl rontaiiiiuif mterrj uncJitr tiie re* 
ccivcrof ibepuiup, Witheael movement of the pUlou, the air in the 
bulb njAiiiU,, a (portion of it in the aitt of expanding escapes, »id 
bubbles up through the water An amusing variation of this 
ciperiment may be made by piecing a tminber of »Lrti^'!le<1 Lip}ile9t 
in the receiver, anrl tln-ri working the pump. 'J*hc: ap^ileM e^jniain 
air in tlu.'ir pt>re^, vrhidi i# presented from tMuipio^ by the rinil; 
ou workiuf; the putup the diiniui»lied pn--Mun! tsmtett ihia iiupri- 
fonod uir to e^piutd ; tn L<ui]iieE[ueace, ibey &wc1t up, and i^e^ain 
their (resli aitd plump tt{)ptftraDci:. Thi: Uluuon v&ui»hn tlic 
moment the attuosplieric txir u rcft<lmitted, bceausc tbc pressure 
ef tlie CKtcriuJ air rtducca t^iat iu the appbM to it4 fnrtne-r 
bulk. Tlic e4v^tie foroc thud esihibitod U very conaidcmble, a» 
may be nhnwa by the fbllorin^ experiment. Tako a thin 
rcu«tr stttrh aa a Hght fliuk, and iK*al it up fidl cf uir : now if 
tlie air be eiliaiuted from a rmetver pbu^iutl over it, it nill buntt 
mto frogmeutA, The iioverful preaMire «hidi air cxerta againat 
the internal aurfaee of the nesaeb* in which il is eontaiiicti, may 
abo be exhibited by allowiuji: a vei^ht of several pounds to 
mt upon a bladder placed under tlio recei^xr of the air-pump. 
OnexhaustiQ^ the air from the reedvcr, tbc air in the bliulder 
cxpoudfl, and lifts tl;c bright. 

(51) CoHdra^nff Sffrittffc-^iS the valreai in the i^nge be made 
to open in the opposite iliroeiion to tV)«H»f the air-pump the iustru- 
uaeat coi^tituten Uic vondtming fyrwfft. By attaching it to a 
reaervoir eapttble of rcflisiitig the |iresaure, air may be <Mjmpre«iM!d 
witlH>ut difficidty, and stored upas a mocbauic&l pover (fig 12^); the 
elajiticity of air so comprcaaed is cap^le of being brooglit ^luldcnly 
into exerciM;^ and thus a force of great intcnvity may be applicxL 
iait4A0c« of this kind urc lumnihcd in the compresaed ur-ibnnt&in, 
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and in the coirmon forcing pump, one variety * 
which ofniMitaU-> thnt iinaluxblc mucbiiu^, the 
fin"-<?ii^«e. A »i\\\ inorti sirikinj^ iUusimtion u 
ftcctt ill the air-joi«i where ihc powCT of wnu 
preRMKl air is niad€ to citcctiU* the office oti 
ordinary f^npowdcr^ fi compound uhidi may' 
he refjardcd as a tnn^''nxinc of cmwlf iised air! 
which can be brought into Action at yv\\L 

(3a) tfrighl rjftht. Atr. — By mrans of thoj 
nir>I>ump it it* ca*y to flhow, by direct cxpm- 
ineiit, that air, iu eomraon iftith «vcry form 
of matter, haa wei)-ht, and ct'cn to mea^ro its 
weight, t'or tfiis purpose a wcU tfliiipcd globular 
Haftk, F, fig 13, fur- 
nished with a small ? i^- >3- 

KtOpCOCk, ii« MHl'WU^I 

to the plate of tb« 
puitip, and tliiQ lur in 
exhttuaied. In thisi 
9tatti it is trADslcrrpd 
to a dirheate balance 

lUid accar?it€lv connt^^r* 

■ 

poiftod i it VA then at* 

tachcd Ui a pnulnAtrd 

jur, o, filtorl villi nir, 
aUo pro^'iflr'l withn Ktfip-<^W'k,nud fttniiding 
over waterj the mcmrnt that^ Ijy tiiniiiig 
Uiff ftOp-eockn, a nimrtiunif'ation i?c niMlc 
beCwceuUie jar and Uk* Hit^k, the air ru^ho* 
into the exliauiited vefu^l. The amount 
that thiifl entcrn U r^ad oft' by noliciup 
the level of the aatcr before the stop-corks 
^TC opene<l, ati<1 then cstiniatini? its nse 
aA^^nrai'dfl by the marks on the side of tbc 
jar. On trati^fcrnng the flask bai'k to the 
balance, it uill be fouml to \^vty^ tncTcaJ9cd in weight sereral 

Minute attetitiiin to a variety of cireumiiianees ia required 
eimiro a oorrcet result iu this exjierinient. It is by eipcrimcnta 
oanducted on this principle tliat the arera^ weight uf the air liai 
beca vdl asecrtfiincd. (14a) 

Ur. I'rout frniud thnt 100 cubic inche* of air at a temj^^ratur 
of 60^ >'., where tlic column of m^ixninr' in the barometer stancLa 1 
30ij>ebtftjUeigh3roii7 graiUA. Ke^punilt G:ftund that 1 litre of air j 
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^a^F.pWcijrlied [barometer 19-921 inchefl) I'zS-^iSj RmmmeB. TTiis, 
if reduced to the £[i»lUh fiUucUnU, would make the weight of 
100 cubic inches of air amoiiut to ^o't^^ grains-* 

We ruiiy form jwrnc^ notion of the actual wci^^ht of the nir by 
calculating the quantitv ixmtoined in a given hpiuxu Take for t\- 
atnple, a room jfo fi:«t long, 28 foct vide, muI i t) fevt hi^h, i^eriti^ a 
cubic oontf^l of 15960 cuhbc fii^t; since 100 ndiic inched of air weigh 



31 graitis,! jcuUeJt'ct of lur weigh nearly i lb. 
Tiae total veight of air in such a room is, 
tliereforc, about 1120 lb., a litUo more thao 
half a toiL 

It to ohrious that if, in xlit: rxpcriment 
wilh llw! flask, jit-t ili^criln-il, the ^rwlimtcd 
jar had couUiiued any othrr gaa iiiAUmH of 
atuMM^enc air, it wouhl he pm»ihlQ to 
aaccrtain the nei;-ht of a );ivc-iL ijtiuiitity of 
nuch gaA ; and by cOiU|>arkii^ this ^ri^hc v iUi 
that of an tx\nn\ hulk of air, to ftACertain it^ 
don»it}' [i|>|>r(i:iiEnnUv<']v. 

Jjj) I/fj*i^ftofJ i*ump. — The prc*wiirc of 
tko air ia the power which ruKcn water in 
th^ bore of an orcUtmry pump. The cfui- 
atructioii of tlit« very iiM-fiil macliiiK? will l*r 
at ODoe nnd«TKrooil fn>ni tlie d^^ncription of 
the airpUTup mhich Iiaa l)ocn already g^vpn; 
the amn^meiu of the valves being ahnilar. 
On dcprca&ioe the piston-L-od (fig. 14), air 
ewupcs through the upper valve a, and 
00 nufung it agaiu u ]rc«}i portion enters 
fiom tlic pipe attached belov the second vjdvc 
B, Tlie weight of the atnK»i|ihoTc npon 
the surlaee of water in the veil, fi>rceH up 
a portioo, the vtn^lit of which coitpensateH 
for the diroinbdked elaritieity of the air in 
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• Acpordinji; to Ri^cnaull, Ihe spcdflo |cr«idly of mrrmiry, "l^i* F.i la 
13:596, wmUr at ^'^^ K' being taken im t s eJMUJfotii'fttlj,' x\w n>]atiT* Wff^itfl 

of «(|QaL acasuTM of *ir, witCcr, ami mcrmr^ will hf^— * 

Air *t 3a* F- Witorut i*f F. ilcrmiry it 33"* F, 

^ct A WomrtKL- prncQiv of 79QJ1 EhjcIbOi int^hc«< %\ .11^. Cnlt^ulAtbg 
»valii*a»lJiicIi(» F.niilii'hsUnHnrdt<*mpr'rBtTiJ**'of 60^ F., uidal tb<«baro- 
ri fl pMaaiuv of \o io Jleft, aittt alltm juir (i»r i\\r rrlntivc pvpatiinju of walOT 
ami nuTTL'urt bj Uial. Uic propoEtioDB *iD be tl» following — - 
Air Wnfflr Mfrwifj, 

1 I 616'^ : 110^, 
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tlie hami, till on tijpixxi ilepreMHini^f the piston senfiral timPA nitcce?- 
»ivcly, tlje V holi- of the air ha^ iU place supplied bf the water whidi 
15 thus mbied from the well below, the preasiire of the atmoipbere 
bcinff removed from the siirfacc of that pairt of the water cofitained 
in the pipe beneath the vahcn. It is manifL'-Et^ however, that there 
miisl be a linxit in the hd^ht to whieK water can \k rtthMn) in ihii 
vra/. Am ^KHm w ilu: colaiTinof wutcr in llie pump ^hove the tcvij 
of time ill the well i* long enough to babuce the weight of a Mmilar 
column of air extending to the iipjier limita of the atmo6]>ltere, the 
water will rise no hifjber Siieh a column of water ia about 33 
feet ia height. If a tube 40 feet long be elowtl at iu upper end, 
filled with water, and then plneed mciith downwnrds in a resMCl of 
vntCT, the water in the tiilw will full till U ntamU about 33 fc*rt ul)ove 
tiic \vw\ of tlai in the ci»Urni, fluch a tii'x' mny be !«fwu iu Uie 
halj of the Royal SuciL^ly, where it wnv |da(!e<l by the late Profea^or 
Dani<!ll, foruiiii^, in foL^l, a v^ter bttromti^r, 

[j4) The t^r&mt^4fr, — If the lube ntrre filled witJi a heavier 
liquid than wntcT, a proportionately sliorter coluitm of it wouM be 
smtained by the prenflurc of the air, the leii^li of the coluniulicing 
inTcnely pro|H>rlione<t to the speritic gravity of the tvo fluid*. 
Now an me.reury ia rathrr noro than thirteen tintc^t ox hravy m 
water, tliin fluid metal wilt rti;«- tu a height only alraut -^ tut gmU 
tut that of wnt«-r, or to n hf^ifj^ht of iln^ut thirty TtiL-hMi jnaitead of 
Uiirty-three feet T\n* reaiilt is ejuily verifiod; for if a f^aw 
tulie alviut threi^ feet lon(f, and eJoBi^d at on^ r-xtreniity, Ik coid- 
pletely filled with mercury, the aprrture closed with ttie linger, 
and it be placed mouth downwania in a basin of meretiry.onreuonng 
the finger, the eolumn of f uid metAl will partially (le«ceL)d» and 
leave a void fpacc of 5 or 6 iiiehe* in length in the up|)er part of 
the (ulie. But the mo»t completr demonstration that the mercttry 
i» Hiistained Kolely by the pre-'taiire of the air uj)Oa tlint in the bunUj 
IS furniriherl by plying the vhole ap}iaratn?i under the receiver con- 
nected with the air-|)ump ; aa the air is eilia\i»ted, and couaequcutly 
the pressure ia dimiiushed, the eolnmn sink^^ hut it recover* ita 
former lc%'el on re-ndmittiup the air from without. A tube, or air- 
gmifff, acting on thi^i principle, is unially attached to evcr\- air-pump, 
an a convenient mcan» ol' judging of the perfection of the vacuum. 
If it were [HiMii)>le wholly to exhanj<t the air Irom the receiver, the 
mercury would ri»e in ^^ch a gitiigc* (nlueU ts Mniply a tnl>e open 
at top intoibc reciever, anddippiugt>ctow intoaba.'uii of merciury) 
undl it »tood at the same Icxel aa iu the barometer at the time oftho 
eiperimcni, but thi« result i« ne^-er attained in practice; the daaticity 
of the pi^rtion of air rcmuinin^^ in the receiver ahvny:) depresaca the 
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mcdklafcvtinnrlriodtluofariiuohiu tlicpiuf^ 
below thiB pnint. By mranit of th<T gnup^ the 
density rif th^ nir «tiU romcuniti^ in tlic rC' 
ceiT«T, U feaitUly «iicrrtaitLi>(l, (or the tleiuutj in 
alWAjB eiaM^lly proportionMl t<i tho previtirr^. 

rarf of iVof an }w\i, XheremMt:t\i\^ nir wniiM 
liJiV^oDly lin of thn de- n^ity thjit it pn^ftc^sfled 
at tbc ctiniiiM>n cement, if ihc atiDo^pheric pTffi- 
Hiire ftliovm by tli€ 1)»rorocter at tlic time were 
e<inxl to n t-olnrnn L>f thirty mclu"* in iKright^ 

M. R4'{^iunk rtnploy* ft giiii|P^, «t the wde 
of vhicli lUk nnltaiiry inertrurinl bjironi^t^T 
plun^ti^ into i\ie ^amc mtern b pWod, 
(fig- 15) *»o iJiat tbe differeu<?e in height be- 
Iwocn the two columns of mercury h read 
off with tho greatest mvumoy by mcflns of 
a gnuloatMl ic-ilIc and v<-mi(.-iY x\ t\ 

A »implrpR5«mrcg*iigeor fB»u7iwi»W*Tfor 
CKttmatiiiir tbf; mrity or c^ndf iHMimi of air in a 
Aoiiliued M|xat«, U niftde by fe^ndinjf a tube into 
tiio form Miovm in fig. ifi, and pourinp water 
into tbe bend; the ap^taratns i* attached at a 
to the air vcsvcj, the otbcr limb, b. bi ing open 
to the ainwjvpbi-n?; by tbe difti*rruar of Itrvcl, 
tbtt clnrtinity of the ^iw nndcr cxprrimrjil 
am bo acftiniti:ly i^tiuuitnl by n acalr placed 
l)tftweco like tubfvL. Whrre the prvfiaiirca 
we cona^rublc, mmniry Is iiBod itiBtir^id of 
watvr> A prenuro i^u^^c of tliis simple 
ct««icnptioii Ia in constant rvijulaittori m coal 
ga« vorlu for e^timatin^ the prCMure in 
tho guomelor, in tho ntnrct mftinit^ or at 
any pftrt nf the Brrvicrfl. 

A aimplr invcTird tidkC wbrn fiUnl wttb 
mrrrnry, \rith due pn>rAuti<iii!« to exclude 
every |nutidr of air, and fLiriiiF^heil ^ilh 
aeearaU^ ninait« of niea^tuHnit the hcij^ht of 
the column above the Wei of the mcrciuy 
in tbe cutem, oou^ittutcs one of tlie most 
indK|)etmMc pbilo4ophtenl tiv^tnimeiits^ 
Me tMtrmnettr. The diametiT of the tnbc i# of 
little oooAc(Liic(KXj but a tulie, & oi j an 
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Pwi. tj- incli wide, or wicVr, ia prt-furuljlo to i>tt€ 6f 

unuiIlcrliorG- Atligtit tix<!(Lot>rrLsrtioul<iToapll- 
UrJIy, vuryitig uilli \hi^ (IJHiiii^If'r of tlie tube, 
U required for ear^h instrument. In tlie bent 
iiiatrtiDK^iitA of tJiU. cifscriptjon tUo whole 
Bcale u moveable by a rat^k and pinion, p, 
(fig. 17) and can be act^ustcd so that lU lower 
extremity, wliich tor conrcm<fncc of obvcm^ 
tioo is mnclr tu Untiinatt m a fiii« atedi 
point, <*, am \k brouji^lit exactly to coiiidde 
witli Uir iiLirf toe of th« mercury in tbe cistern: 
unle«K thi^contrivnnrewere actoptefl it would 
not be possible accnratcly to mcaaiirc tlic 
bei|^bt of the column of metal, a^ t1ic \**vci of 
the morciurjio the cistern iscontimuUlyund<.*r- 
goingiflight vnnntione; 110 die tnirUl hxe* i& 
titc tube it MU in the ei^Urrn, and vice pertd: 
|iart of Mitf cifit^ni in coii^tructt^i] of glasfi, lo 
allow tlui object to be accumtely attained. 
Tbobei^ht of the mercuml column above the 
level of the mtTcury in the cistern when the 
iiiscrumeiit has been placed in a truly \criical 
|Xftftitiou, is rciwl oiY at tbe top hy a vltiiicCi 
V, vbich cstiniAto» diffVrcucea of >W of an 
inch, TUc bnromctcr huA been coii«truetcd 
in n icTcat variety of formal, bnl tbc «(mplo 
inverted tu1>c in the Tn7*t for onlinao- purpotfM* 
(3j) T/it ^pfton^ whieh \a utioibur inAtmmcnt in fnH]ttcnt 

uaein tbe liiburatory, depeiiriln for 
Pyj ig^ ita operation partly upf>n the iirin* 

eiple of atmoiiilierie ]irc<«tturo» 
The A^-pbon ia a bent tuber, by 
mrnns of whieh, liquicb may bo 
lilUtI abov€ the level at which 
tbcy stand, provided tbey arc 
uttJTnatcly tnoisferrrd to a loner 
level. Sup)i09C it bu (le>ii-ed to 
draw itf[ a liquid, witliout di^ 
turbinic & po^'der \*hidtltiu« settled 
down to the iMittcm of a vecaelf 
a bcul tul>c or sy|>bon fa fig. 18) 
fmc lijub of which ia longer than I 
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die other, IS tiLlfid wiUi w'ator^ aud oloaed Ijy plai^iu;; tbo finfc^r 
at lii« i'tul of tU« longer liinlj ; tho iii-lrumcut Ui tlimi iovc-Hc^d, 
ftitfl the %hort limb ifl mpidl^ plungr^l into the I1iii<l to be Jeuuiti^L 
On rprnoring tho Rng^ from tlirr lon^r limb, the liquid flow^, 
nnd vnll rvHitiriiir ti> iTti hi itK long na tbi* nliorlcr limb rpin«in« 
lit'low iUv. «i]ri'iiOP of tlir liqtitLl in thr vrwnrl. If the T&iApl v, 
however, hi? r«i*wl until iho longer limb of the syphon is im- 
inorscd tti tlie ltqiii<l that luLt nin o^er, mitl tin? fluid stands 
ar ifie Rftine levd in both ve^teitiK rvn furtbi^r Row nil! tjikc 
place ; if T be B|ciiii d^iprc^aod, the tlow tbmujch the Kv|ilion 
will a^n be reneircd. When, as ^ras effected by the ex- 
pcdit-ikt of tulhil;; i\ic toirpr vcs»el till tHc fluid Blood at the Aune 
IcrA in both^ the acting 1imb« of the «ypbon an* of equal leofi^b, 
till' cxjiumu of finid iu Cfich has tlic i^ine iicr|>ciHli<7tdar height, ind 
the dowtirtanl prfwurc of OHcIi w>hinni will he th<r *mn<-: neither 
columti will pre|Hiiida«iie over the otlier : but if the vertical colitmii 
of fluid be lon^'oji one aide tbau on the other, thia longer coliiniu 
i»-iU iieixssardy press downvardA mith more force on chat aide thjui 
the cotumo in t!ic shorter hmb presM-9 in the opposite direction; 
the atmospheric presaure, honTvcr, » cqiiid on botli didcs; tlw 
barier coliunn tUen.'forc nuw oiit of the tube, draning with it tlw! 
liquhl in the KfiorK^r Unil», aiid thi^ place of tliis li<iuid is supplied 
IVoni tlic! fluid in tlie vetc^^l^ by tbi^ prtis^iirc^ of the atnKmphcrrc 
IrhiebdriviA it up into the ttjuu;c that wonld otbtTuiH: become entjjty, 

(36) Difwnwurd //nej^w/t 0/ the Atmosphet'e. — From «Lat liaa 
been already stated, it miul be obvious tbat «c are liriii;; at tbo 
boltom of a rut aerial ocean, a»d nubjeet to the pr(%»ure of the 
auperineiimbciit mAM^, — -a prenpTirc whirli unnmits to nhont fifteen 
|»oun<l» u|>oix et'oiy JkjiuirT^ iiirfa of mirfuH^ and xm hsifi hern estimated, 
to nboul fourteou or fifteen toiui upon the aurfuoe of the h<»lv' of 
a num of ft^Trafri:^ «iiitiire- 

TTic i'xiiit<*uc!fi of thi« doimward pre«smre of tlie air in a matter 
of Uie hiiclLmt import^inoe tf> ua in the oouiioiny of nature and of 
art. It wImitA of proof bv exj)mment in a variety of vrays. 
The receiver of the air pump may at first he lil^ &xmi tlic braas 
plate without difiicidly, bat after ti few strokca of ttc pump 
in the ordinary proeerw 4>f e^hauHtiiiff, it 1x>comui* flsed by 
the preaauTc of the aupi<nncunib(-ut air, uncompensitcd by that 
ft-ithia the vcutcl. It ia for thi^ reaaou that an arched fonn i« 
gh^iL to ^w- vxteninl ^urfact' of vea»eU ileaigned to bear ex- 
hniuiti4>n. If the hand be placed orer tUo mouth of a recdver 
having an opening at the top of two or three incbe« in diameter^ a 
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very partial rcmovfi] of tlw itir will make this lurcMnire piuiifttllr 
sensible; juid ifn pieet of bloililt^r be moifttt-iietl and mx'un-K- litd 
over tLc ui)ciiinjc aikil then left Lo dry, iVt Hurinee ulU, whva a por- 
tion of tlie i-ticLoaed au is removed, become very teuae aod ooiicavp, 
aiid if t!je exbaustion be carried far enough, it will suddeiilv burst 
with a loud report. 

But the qiiotion will naturally aiw» hew i« it, that tf our 
bodii» arc fiiibj<r«'t4nl to tbc i-iwrmoit^ |]re«Mtir aUivc iikdicatrd, mt 
an^ not only ulile to Hi]|i|)ort it withimt iM-iitg criLJthetl or routed to 
the vaiih, but tuv cveu iiiHimt^iljIe of Itn ea^iHtc-JUV, The n^anon t% 
that ihf prepare U C4|ua] iu all cUrectioiis. The air i]|)on t)ie 
eftrth^B aurfacB bein^ coniprcaz^ hy that aliove it> acquires aa 
elaaCiciiy suHieimt exactly to eouiLtcr|x>ifie tbat prcfisurc, and it 
presses laterally and tipviitriiifr with a lorcc exuetlv equal to that 
with which it i« eomprwa^L A vrry kI in pic experiment will kuSIcg 
to dcmvti^tratv tlii* iip\ttird prei«>un^. Take n glam jar with a 
ainootli td^r [a eommuu wttie*f;1aaa will do], fill it wilU watefrduae 
tbe nioiLlh with a uird or n lib a Ut vf paper, tvtaiu Uie |Mi]Kr lu ila 
pbku^ with the hjviid, and ttuu iht: Jar iuuiilIi di>uik\(ziiib(^ thi^ baiid 
tony be i^cmoved, iLc card will rcni&iii »uppi;rtt'd^ aiid llur wuter ^_ 
will not ewapc Indocd, wc R:ki§;ht tbu» iiupport a eolumn of water ^| 
tliirty-tlirct^ feci long (but not longer^, n* thnt would juj^t hnUnoe ^^ 
tho prc^sdiirc! of a eiilumu of :^lr of «]ual diameter. It in thi» npw-ard 
pTAunre, c-xertod hy tlie portiou of Ilit? air that in dtiwdred in our 
blood, uiid iwn'Bdtffl evory ti'^Mie of our frame, whicli reuderw ua 
uiii7on»c-ioiL4 of ibe atmospherie prpftstire. If tfie prfHKiire upon tbft ^j 
aiuface of the 1>ody be decreaM'd, w* hy a^Tudiui^ a lof^y niouutain, ^H 
grpat uieonvenieQCe w often experjenecd : bleeding at the noec, and ^" 
other mipleaiiftiit t^yQi])toms RU»eliDH-»i arising iix;m the expfiiisiaii of 
tlu! air within the bcJy when the rjktvrnal pnv«urc u rcmorod. 
Blood flimft in the 0[)cratif>n of eiippin^, hy partially removiiig 
the at[UO$)]tierie prcatmre over the wutntds intiii^ed by the Uuivtx 

(37] P'ttrumctic l^Qtigh, — Amon^ the many unefui applicatiotM 
depending on tlic pressure of the air, is a simple but invaluable coa- 
trivanee of Dr. PricetleyV, eallenl the pneumatk- trt/u^f which enables 
us to coiiftrte iiir imi) guj^c in vomcI^, and to deeant tliero from one 
to auotluT uitli IU uiudi raite ilh lifjuid^ may be managed, and 
{inured. The pncuinatie lioiigh eouE^istii merely of a vesi^cl coniain- 
iitg vater, tig^ 19, acroHs vhich, at the deptlt of 2 or ^ iuclia &om 
the topj a ledge or slielf ifi placed ; the jam destiuLfl to receive the 
gaa are filled with water, ani placed with their inoutbii downwonU 
upon the ttJiclf, wLicli in kept about an inch uudcr nuter : into 
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i» aUo««d to bulililo 
it|i^ aiul it ttmy l>e 
traaBferml ftoni one 
to anotbcr hy aa 

Wben iL jar bM been 
fiUM, or pnniflJly 
filiM tt'itli yn^H, it 
ma)- Ik* rraHily re- 
moi-cic] fi-QiD place to 
|iliu.X' ljy »hilitif; un- 
der iU open nioutk, 
8tin itnmertf^l in 
waWr, m jilate or ~^ 

nhttlloir tray* ooii- ^_ — *-* 

taiAit^ vatcr, on ^ 

which it may be 
Uftcd out of etc pucimiatic trough aa at n. 

(l^j Wbcra I*rgc qtiMtititit-B of ^aw an.' lo be aton-rl up, & lilflVrviit 
apfiaratUK, tlit- ^ujt h^hUr i» cuijjlojrt'd, aud iji thia iii&Lruuit:iit uJmj, 
uil^iuiUi^ IB lokrn of tlus 
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upvaid |ir«BAur«; uf tbi- ni* 

nUMplicre. Tlic f^ holder 

ia rc^vrcsitntcd iti li|^. lo. It 

cx>tuxMo of m cyUnclw n, 

numuuiticd by a inty a, 

for bulibiig watoT; thiA r»nn- 

muiiictitia uitli tlic c})iiiil<^ 

by mrw« of turo |iipt*» |in>- 

rifled vitlt tiiop-cy>ck«, <>ni? of 

tlicse pipes, f, prortM^ nearly 

to the bottotn of the vessel u, 

and isB 0|>cn at bothextrcmi- 

tie* ; llw oiLi-r pipe, c . oiily 

just eiitrrM the top of th<* 

lower lyiviiy : at Uie lower 

pATt of the c\ 1um)& ifl a »bort, 

irii]epipL\r,p]u>iii]{r obliquely 

npwaidSf aiicl furnished ^th a plu^, ulucli cati be closed at plea- 

irore. A thin) i^top-^'ock i:^ iuLrudita^l at Uic uppt'r part of tbo 

cylinder at ^, t<j whtcli u flexible tube may l>c attached for Uic 
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conveiueucQ of tnuiftfiMTiiit; the f^. Noir mippcwD the g«& holder tol 
be full of fttDioa|jlienc air aitd Co Uo wnTitc^ for us^; the pip*? '^ nt 
tbp txittom iH cloBe<l, water t« poiii'cd into th** trny, and he>th fitO|>- 
€nrk«jii tlii> vrrtiffll ]>ipi7ft nrc oiirn<^H:l}ir w nt*^ el*nfH»mi« tli rtrtigli tHn| 
Ifliigrr ppr/, wliilsr ihr a\t rnrn\M^!f m Hnlilili^ idnjtiKli tli'" ■hortrr 
on4> f ; ulini ii Uii>mplHrly fi^U rlir «t<i|>-rackH Are r.liKipil, am! tlic^ 
pluj^ ut till- bottom nnnov<*i1; no v/aicr e^rAjh^, oninic to the. ]>ivH- 
fiurc of tlie atiiiuAph<Tt' ui^ou tUc NitHaf^ of tlic liquid in the Mi<!«3 
lube Cf tbe water being retaiutvd ju*t b& in tiie ortliiiarj' hu-d fountain. 
The neck of the retort b, or other ycmcI for producing tbc ^aa, is 
introduced completely vitUm tlic eyliudtr^ and tW water is dia^ 
pliiecd by the ^t%s vihkii twcb and uccumulate^i iii t]>e tipper pnrUp 
vliiJibt tlw? wntcr ruiis off into a rewel p)ttce<i t*iow. The 
progTcsa of ilie experiment amy be watirbed l>y mejuia of the 
gitOB ttibe df wtucb i^ 0)M-n bot!i at top and bottom into the 
cylinder u ; the level of ilie water witliin the insinuneut i» thui 
always i:xlnbited. In order to u^e ttie gns stored np, the plt;^ ia 
re|)lucc*tl lit c, the Ktop-coek in ttie long pipL< i)|x'ntHl to aJlow the 
cohinin of water to exert its pniwitre on the ga*, vhioli ei*eapM 
ou csutiouMy tuniinfr tlie Miip-tXK'k e, and may eitlier be tveeived 
In a jar placed in the iray over the aliort tube e, or it may be 
cuuveycd away ibrongb a tlcxlble tube atlaehed to ibc etop-eock g. 
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(39) Water diwoUr^ all ga«ca; 
sonic in «niall ({iiiuttitic«, imd 
others wiih very grc*t nvidity* j 
eiicli gOM^ of coiinc eunnot be col- 
leetedoTCr vater. Indued, in all 
riu^c« nlici'C f^tvat nieeuraev is 
rotjuitdter ecine other fluid muit 
be substituted in the trouf^b and 
jftf^i ibr W8ler, Merowry ia tho 
fluid nrhieh oScrt ftrweiit incon^ 
Teni«nicc9, and it » niinially rm* 
ploycdfertliispurpowinatrouyh, tbefnrm ofwhiehisiwen iufig, ai 
(40) Cemction ttf iSases for Pffjorurt. — The fore|C<>i'^f inotic C 
coUectuij; pa«:« o\'cr mcivury^ leatia m lo nonAider a correetioa 
great im(H>rtAiieo in nil <»uC8 where an aceurate mea^iiremrnt of the 
bulk of j^tist.'^ in r^siiuvitc. In all chsa a portion of air or ga5 wbieh ^ 
communieale^ with tlie atniosphere either tlirougb the voUs of 
flexible baj? or bladde-r, cir that is confined oTcr wattT or tnerciirT, 
ia subject to ihc jiresunrf of the (ttinoi»i)here, trunAiuitted to it 
dtbei through tlra flexible routcrialj or through tbc iuterfoqadl 
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portion of fluid. If. iu die pneumatic troiti!:h. the liquii] irithin 
atul witliotit the jnr stAiid ui the aaue le^el, the preesuie upoti llio 
indiutcd 3ur will be exacth' that due to the atmospberd at the 
time; if, luittcvi^r, tUc liquid within fttund lusher than that in the 
bath, the mr irill 1)c subjoctccl to a pressure \x^ than that of the 
iititioflpherc at the time, hy iUc »iiio\int neocKAkiy to fup^Hjrt the 
Cdhimd of liiimd aWc the outer Icvd of tbt fluiil 

OljHen'ution luks ^huwu that i\\e pre^-sure of the attnoacpherc at 
the Aaiue spot is linhle, from a variety of cau»e», to coutinuid vari- 
ation. Tlie avcra^t? [trfBsurc at the sea level, is equivalpiit to that 
of a column of mcrvury 30 inches in height ; hut in this climate it 
IB sometunc^ k> much iliminishetl as to vufiport a cuTamD of oulj' 
nbont 1$ inehcft^ ^^ otlicr time^ the prc:Hiurc vUl lie eqnivalctit to 
31 inehi** of men:ur}% Now tlie nanU' ((uaiility cfga^^vriU, iiimIct 
tha»e diffiiTUt circutntitatKHv, M>iiietiru<^ o(^('ii|ty a Ixilk cotiMdcmbly 
lets, at uUim cuiuudi'r^ihly t;ruati*r, tluLU the uven^r. 

It U ueGa!«ai:)-, cLerefure, iu all experimeEiis upon tlis weijcfat 
or bull of f^awBf to obwne the ht-i^ht of tW tjurouieler, »a lliitt 
^tC9 tbe prcofture to nbidi tht- ^a» I» at lli«^ itittv BubiLX'tttl- 
T1ii», hovr«vcr, l& only tnic » hcu the lipoid tii the bcith, aud that in 
Ibc }ar, arc on Che tttmc level- In ptacticc it ta rarely pOMiblc to 
KBakc them rigidly *o. The liquid g*^it*nilly n*niid»i highlit in tho 
jar. SapfpOfiinfE; tho ga^ to have breu cnlhTrlnfi over mrroiity, in otsli^ 
to allow (or the dilatation occAHioned by tbi» inequality of Wei, tho 
dilFerencvf of the two beightn mont bp no<*nrat<-ly mea.«un4l, luid the* 
mejutirrmeut, 10 obtaiiMMl, ninist Im^ Kiilitriu^tc'd fr*jni tla? liei^bl of 
the meivuriaJ eoluoiu iu the barometer at the ttm?- A lumilar 
eorreeiion in rftpiired if the f^ he tttanding overwalCT, but it is 
mailer in auiouut, a a>hiina of water of i^v^ inchea in lieiglit 
beiiig equivalent to 1 inch of mercury. ^Vllen the ncccesery 
nicwfiirmcnts hsi^ been made, a fninjilc calculation cnablea ok to 
luCtTtain tJie Indk that any gskn would have occupoctlr Kiipixmijig it 
to hatfl becD mcMtired under the pmatire of y> inchea of Uie 
baruiueter, which in this eouiitr^- i^ taken as the standard.* 

Lvt ua ijua^ue tliat havJi^jf tueaaiired 10 oubic inchea of 



• In at^r rmmtripji tfiarfandard prf«ur* to wbirh ^asr* aiv* ivinwUrfl 
U gpD^rally 1W wKtch hu beon propourd hr ttic Krcnt-h; r*';. thftl ot a 
oo&an of mt-rrrurv jOo millimftrM (or jti-ijit l^iiK^tih inrlK-»i. iii Li'i^ht; cou- 
MqiMOtljr !oo<-iilrii' iivnhi^J. mraanrpd iin^h^r tho Knf^liith ilnnclHrd |Ji*tiinf at 

^ iaeliM, vxMdd. undor the Pretiuh atttud^urd, tilt a spacu of 100261 mbiu 
la^lr*. 

■ure ofa ooIubd ofmervtuy 3£i'9»ir»'br*ii;lie^lLtal3/' l\ tiiicha Dolumn, 
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oxygen stancliiig ovoir morctiry. the Imcl of tlic mclal in Uie jwr 
bcitig r5 mL'bi's hif^bcr tliau tliat in tli9 bntli, ilic baromeltrr al 
the time fitaiidiDg at 197.;, tt in dcurefl to ftMrertaiu nliat bulk it 
would ooeu[rr iHnJer » prcftKure nf 30 inclic*. By Mumottc'B law 
(26) the bulk of h gait 14 iitventely a» tlie prettMirc to which it ifti 
frubjected. 'Hkerelort — 



3« 



f 28-35 or > 



10 





Id estim&tiBg the weight &om tlic bulk of & gna, it is 
to auke a ftulhc^ correction for tho temperature (95), aa 
ai for the state of mgifiturc or drjmcsB which it may potaeu at th^ 
tune. 

(41) Drnsiitf 0/ the Atmosphert at D\fcrtnt HHghts. — A re- 
niarkalilc cuiuHXjut-ricc uf CIjc law <jf cla^ticit)' \n i^iul'a Ih cxiiibiccd in 
the iucreaftiug nbrdiiction uf the »tDK>Mpbrro in wwcudiitg fixHii ihc 
s«rfaco of Uic cftixh. Tlic air i« auhjcct to a parcsaurc which gra- 
dually <lc<'i'rtt-*ci» with the prngrcrtftivr clc^ntion al>orc the 9ca h*vc 
Thifi vnil be cviclcnl if wc ccnuiidcj' the attn^Mphore to tic coni|m«cid y 
a BcricHof Inycr* or otruta : tho lowoat hvycr Bupports tho prcMuuv 1 
tho enttrt? Hiiper-xuc*umlH'ul niiutt ; the out nt-xt ubovc tliiB stippor 
the prcsiiure of nil hut llie loweat ; the third thai of [dl liut the twd^ 
lower ones, and ho in Auo(?e6^oi^. In <M)Ufiequi?nce of Mamotto's taw 
— VTi., that til* bulk of olantic flmd« in inversely juh the pro**ure, it U 
fbuiul that if the air be cicaminod at a nri'iea of heights, increasin|C^i 
a«eording to the termnof an arithnirtiral prtignvsion, tho donwty o^H 
the air decreases aeeonlinK to the terms of a g:eometrical prcpm*- 
aion. In the following tuhlc the kcishtA abme the surface anr tukea, 
ill anthmctioid pnvn'^ioii, iiicreaiiiiitr rcKiilnrly hy diittmioo^ of 5'^ 
mileft ; th<- b\tlk of tstiial weighta of air at these ALieri-mi^ t\ heiffht 
incrtttHfH in ^^oraetrical pixt^n^eaaion, the volume heiiig doubled 
each >ttep in the aaocnt ; while the denmty^ and the corrceponUiri 
height of the barometer, detrcajtc in tlic same p;eometrie raric 
bcbig at eaclL aucecssivv devation eioetly hulf vhat it was at tbi 
preceding onc:^ 



owinff to thtt <»ipaiuiToQ of nwrrvry 1y ti*«t wouI3 \m tnoNu^d ^W of it! 
Jpn>;lh. at ihe mvhti ttrmperatare of 60^^ F., sii4 coiLAOi^Tivnily vft^ofi] tlji*n 
m^vuuri* 30^905 inclijC* : Bud uikIit this pri^Aiire [OO rubit' itivtu^. luovuml at 
a tinrvmHrir prttwrare of jO rndt^fl, uould he nMltiot^ lu rjrj'O^ cubic Uujhn, a 

difft-rcoeo ik» trifling, that it lany »ha*Ml tdnaya ho avglvctctL 
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1ian3, if II mine coultl be ilug 46 mlle« de«p iuto the rartli, the 
ftt tin? l»ottom wodJ be ai* deu»e aa quit'Vsilver 

The oliwn iiti<jiiH of ftatroDOdn^Ti upOQ the amount of rt-fr»ction^j 
ex|Hn'ifiru>^l by tlie bf^ht of the boavciily lx>dif» in truTi-rMu^; ^J>^| 
atiuo^pbi^rp, howerer, have rendered it prolrablc tliAt tlien* i* » bBji^^ 
V> the upper Mirfince of our atinmphcrc, as delinite as tluit of cite 
mtcra of tbe Occam, tbe repulsive force of the particleft being at 
luigth cxutl; bakuccd by their i^nkvitatioa towuik tbe cartlu 
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{42) In the ca»c of gm>w« the prtdominADce of ela^tidty \m tlw 
kadbF; di*jacteris*ic!; in tl»e ca*e of vulkU the opposite power of 
OobcsioQ U tiiat uhich tirst demandB atteuuou. ColiCMon is the force 
wbicb I^ikU together into one mafia the aam(^ kiiu] of particles. It 
is thift force which retmuH a bar of iron, a block of wood, or a 
bimp of iee in a single piece It is obnoua that tlbe cidewon tff 
dilfi^reiit VxMUes vanes gn'Atly, CohcF^ion, however, appean to be uiii- 
Ibmi between particle* of the sauic kind jJooxl under inittiiii^ancca 
mmihiras to tcin|H'rature and ^nicture. Owing to the difficulty, e\eu 
in the most coiripitct vtdi^taiK^a*, »uch a* tlie tuvtala, of fieeurni^ uni- 
formity in tifxtiirc and fre^hxu fmru rlnw»» it ij« diflieuU to estimate 
the amount of ihe eotrlQcieul nf {.-ulii-iiiou In auv mnteriBl vith ]>re- 
uiffiicjn ; altbuuj^h the i;i.iiertU Cut lliut inni in much u^ngiier than 
cupprr, luid eiip^iui' than lead, ia ai cvnte ie(<ognwcd. Tvo methods 
titivi: been gvucnillr used lo determine the Cf/brsifc power of M}l]d» ; 
the firrit eouai^ta iu cstimatiuf; the weight rc4pured Ui »ti^t<:h nxl* ofa 
f^veu dlainctcr, of the ^ube^tanco i.uidcr ex^iomataoiir untjl thc^ giro 
tiay; the fteeond, in finding the niikonnt of force required to cr&ali 
a cuIk- of the liubfltnuco of, girc^ dinicniiioiis. 

The etrength of nmtenft]*, nl]-itn|Kirtniit aA it ta to tlic L*ugiiu:cr 
and to the arch i tret, ^uut bttle to ilo with eJiemistry, although vuriA- 
tiooB in oohrftion mul iij(fpr<^tian of tbo atmc nubstAuoe ex^ratBa 
a marked inflnrnee on the mpidity of mat*y eheiuical actioujt. 
Ounpowdrr, for example, is rniui^ tj) ^vtintf that each portion 
may ijtiicrkfy tj^niu^. and eontnbnte ita cxpan^vi* fiircc to act upon 
the bullet. But tUe rery mine material, before it bw been granu- 
laliui aad whilst in tlic form of hanl compact maMai, tm tt comes 
from the prcM, hums comparatively alowly, like a fii*ee or a iwrtfirc. 

'141) Particles of a ^iruihir nature will, under the influence 
coliesiou, reunitCf after complete sejiaration, if brought vutheicnll] 
near to each other. Tliia is shewn on prcKKJiij; together two clc 
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entootb, and fit»KI^-ctit fiurfacc«> of Imd ; thc^ «3I ooEiorc, and a 
forcia c£ totac pQUiuln will 1m; rvtjuirni to xpiirolc tbc'ru. In X\ic 
Buoe way, too, perfectly polUlimi plntcn of giiwi cohere, Mimt^iinvs 
•o oosaiilGtdj tknt th«!y nwy be cnt nnd worked w » uti^ picoc. 
Thia Itam riot oofieqaeutly Knppcna] m pluto-glttM mmtifiicioriea. 

Accnnliiig to the jimportion that cithMOD beam to othar fcurtf* 
vhich, like hemt and elvtiaty, leiiil to M^pomte the partielee of 
tn&ticr from baA othrr, the Ivnly iL^^mxii^ iLi- u>U(1^ i}%p. liquid^ or 
the Gicrito^m state, Coitnderahle iUlTiTfii(-v» in phy^cal properties 
arc produced both in «oliik and iu U<iuid^ by TariatuHis iu the 
di."^Tec of cohesion existing aaioiit; iheir particles. 

(44) CoAenoH qf SolidM. — In !M>]i<ls, thew vai-iations pTC lUe to 
differeiM-ei in haidncn, diiatidtjr, brittlciicTrs, mallcttbility, nod 
diMTtililf, 

*rhe harttmts of a body is meuorcd by its power of scmtchnig 
other »ul»tiiiic«A, and it ooiisi^t^ in the Ac^nx of resUunce which 
the paitit-Ieft oJl>-r Ui tliu *light<'st <rhjtiigc of nOalive pofittoii. To 
tlie minendo^i^t, the vurutioiLH ii-. th<^ di.-}^^^ of haiyti^e»f» pi^e- 
flcnted by diflerent cryntallixed bodias often fiimish a valuable 
liliyiical affn^ by which one ininorxl may bo discriminated from 
tithcn which rcacmbk il- Kor the piiqxwe of fncilitatin^ tuoh 
CDiDpaiiaanis Mobs wlccKd ten v^UkDown mincrala, vliich are 
raaraemtctl in the follotriii^ tabic, each succeeding one being 
lai^er than the ono which prfcedc« it ; thiu omuiged, they eonsti- 
tme what be temift n "Sra/r <^ kanhieMi, whidi has bewi genendlj' 
odupteiL In tlie i'-\ainple^ iH^hvt<'<l, r^idi fniiirrn) ii vcrairlii^il by 
the ouc that follows il, and ilu: hjinbtas^ (if :iny tniik'ral may be 
dctci'iuincd by refcreDce to tlu; types tbu* i>c1ecled, Tliua, tiuppoai! 
a bi>dy neither to ttcmtch, nor to he »eniti!lH,-d by Jbwr »|jftr, its 
hardncKH \» aaiiI to be 4: if U titiiuidil scratch Auor bpur but not 
apatiti;, its hAnLncMi ts between 4 aud 5 ; t)ie defpnccs of hfinlncsv 
binnj; numbered horn t to 10. The G^rea ou tlio ri^bt imlimtc' 
the munbtn* of minerals known of iho sanio, or ftpproxinuulv^ly 
the aane degree of hafdncra, m th« «ub«tanec opposite to wkieb 
thay ataiiil— 

t TkIo .,,,.*.. >3 6 I'Vlfpar. liny rWvabli* TariMr i€t 

I Compact gypmis . r • . 90 7 Luupul ipiitrtf ^6 

3 Calpppor.BaydMTAblovtrioty 71 8 'i\>p«K , ....... ^ 



9 S*pphiro, or oDnuithim 
10 Diftuoud 



4 flaorspAr 33 

5 Apaiit* (eryitAUu^d) . . 43 

The catiM! of the viineCLe« of hnrdueaa observed in difleiviil 
bodies is not well underatood. Even in the eamc fiubu^auce. 
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trifling vd^riatiotw ui the external cir<;iuiixiiinc«a to vKioh the hodj 
i* ffuhjcctrtl oAi'ti prtMUii?<? psttriKirtUii^" ilifft'reiirt* iu tht" degree 
nf harilit<v« n'hicb it t-sjiihtlrt. X pii't* uf Bt(*l hloulv oooUkI from 
a reck hent ix w>fV ; it mny be cut with it file; and tLbder atrong 
preuur^, it will eveii tnk<? imprp*tftiorifl from a dic< ; irhiUt the tame 
piAce of xlet'l, if hentpH to rf?dnra8, nnd andflenly coolaLj bocomea 
s\» hrittle a» glafls. And ncurly ha hurtl ra thf diamond. 

Hritllentss ia nLhibit<»i by boditrs the particLu of vhi(?h reiist 
di^^plaemicot with rcgartl to vw.:\\ otltcr» cxff]jt withiti extrt-mcly 
tmrmw limittt. It i» gdit-ridly ahiicrveil iii hnrd uid clastic sub- 

MaiUabiiity and ducHtittf, or the prap<Tty of extciiiling ui 
t!ie liJtmm^T, and of fitiictiK for dniwtnt; into ivirCj liie the veiy 
]>o^t« iif hrlttTcnrwi, ttir* aioloruh'H of Ili<; solid admitting of 
con&tileiitbh^ re.lative di^placemeut wiibont Jo^in^ their coliesioiU* 
The»o niodificatioafl of cohesioa are exhibited only by tbe metals, 
and hy a few only of them. 

(45) Cohemon qf Lii/vids. — In liqiiida, notmthstending the 
fiicility with which their particles slide one r>vcr the other, anil the 
iinlimit4}d frnrdom of motion uf each moitxnilu vrithiu the mam of 
hqnid, a vm- a|)]>reciahle amoniit of c*^>hi^on Mill e}Li»t«, and is 
disphiyed 111 die rounded forrn iLonmed by even- dctar}jt.Hl drop. 
This ^me fonn of cohesion h also t)eantifiil1y vJiown in the ca^e of 
two liquids uhtcb do not oii^t uithcftehotlter, but sthlch have prertjely 
tlie same spedflc g^nty, sa ia the ease inth oi), and spini of wine 
of B, ccrlaiii dept^c of dilution. If a little oil he pot-ired into sueh 
a lluici, It runuiiLs siisjwndcrd withio it iu the- fuim of a pcrlt-ctly 
i^>bcxicaJ maM. In tbc diop* of dew which IViii^e every leaf iu a 
faicf^umtacT nioming, v/c ha.TC lui Admirable iiAtund ilKutnilion of 
ihitt fart. A striking- cxemplifit-Atioik of oohc:^ion in ibr particles of 
lifjmda i» alao aflbnU^d by blowing a Inrgc Mmp-bnhhU; upon d»e 
aid rif a ^loxB ttibe. Upon prcvctitinf^ thi? open end of the tube to 
a liffht>.vl taper, irhiliit the buhbh* imtiU uttflehcdat th<i other «adl, 
th« contradion of the film erpt-lii the nir with miffieieitt foree 
fiKtin^isli the ta^ier. The n>Ht-n,rclieft of Donny (Ann. df Ck. 
€i de Pft^ft.f fir ivi. ^Sy) have abided maiiy eiiriotM faeta to 
kiwwledgc of the cohesion of liquids. The following form of 
of his rxptriments, may be cited as an illiislration, A tube, x^ fi(f " 
13, about 36 iiichcs long and 1 inch iu diameter, is hcnt at ita 
middle to an antflt* of ahout 6o^\ it is ecruJcd at oiid end, and filled 
u-ith diUilled wator, »hirh, when the tiilw is closed, i» to octnipy 
about tiro-tbirdfi of xU ai|)ttcity ; the water i« thoroughly IwUed for 
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mn hoar, and tbe tube is tbeu bcrmctic&Jly i^Ux«ci! whilnl bailing. 

lu ihU coiiditioD the tube cout>iii9 only water aiiil tbe ia|H>ur of 

water. Aficr it lui» bwn card'ully rcvcrsrd, n-i nt a, it »"ij be bmuj^bt 

into tlie ptmtion rcprcocutcd &t d, o.ud tbc waurr vriU ucrortlidcao be 

fiujipnrtod hf jmI- Fio, 33. 

JiccUou to the mir- 

£»c« of t)iO gluM, 

Mul by th« oobo- 

•loti &n>ong its 

own pArticloB, 

ahi>rr thr Iot^ I of 

the lluij iti the 

otlk-rlimk Hov. 

CTCT, by iiirliTiinx 

the tube in Htich n manner thnt n minute bubble of Aqueous vapour 

k made to fioM up into tbe full limb, the coitunn of water, 

having its emiinuitv bn>ki?n at one point, immediately fells, and 

thcleirl of tbc h<;uiii in both bmb* becomes the laiue. 

Evtm amount Uquidsr coLisidcrabIc dlffrrciiccfr arc obBcrvod in 
the dcgrcti in vrhich the e^liwivc fcirec i» rxhibilwJ, Liwfrul 
liquidH aits thww vbicli^ like ftbcr or spirit of wiiie, di<pl[iy gimt 
tnobtlily of tbrit pariiclc:*^ Bubblr^ produced lu «ueb liquiibi by 
notation, quickly n%e to the Mirfw^, break, ami di-'^appf^ar. lu 
oiJ, Bynip, and (pim-water, tlie particlea diotg abi^'fcifbly; auch 
bquid« arc termed lyiMOUt. The Tuccsity of Ituid:^ prcecnta a 
certain analog with the malleability of wlids. In a fev in- 
aunccf^ vbibt tbc solid is melting ntider tbc iufliieiioc of hcAt^ 
a iImcoii* »tate b observed LDtermcdiate between tbc banlncaw of 
hoImU auil tlie pCTfcct mobdity yf Hquidv. MclU-il i»ugar, or 
bariey-4Ug;ar, in a ca^te in pomt Ttu! uixnirrcucx? of ^incuHiiy, aa 
an bitcnuudiatv btate, a nuv, eict^pl lu tbe c:az>e of a uuxturv of 
two snbataiMMTa, one of wliicb rodls »t u temperature a littic 
higher tluui tbe other Glaas^ ubich i« a Bii:£turc of ei«vcraJ 
■ilicatea of differrut degrees of ftuibihty, o&cm a rcroukaUo 
exampJa of tbiA kind ; indcctl to thin condition it owea the 
plavtio properties liy wbicli it in ^^TT1lcrrl^<i c-apvlilu pf adaptation to 
the ninUifaricMM |inrpoM« to which it u aov appbed. A tnie 
chentiea] trorofieiiud jkuic^* at onee from the aolid to the hquid 
ferm, as vht-n i<v, for example, by fiiaiorL, heeomea vratfir, A 
few of Um! simple bodies, however, preaent some r«mai4cablc cases 
of the ocCTUTi'uce of x-iscosily preceding fiiii^ion ; such, for insdnnce, 
at phosphorus, and thoac metAls which, like lfou aiul putas^um* 
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admit of boui^ ' vd^cd/ a pmorRa in which tvL> |ncc«« of tlic 
motal arc united Luto one luusa hy biuunicriug or prCMUig them 
tO|^thor wlulflt tUcjr arc in the eofl oonditioii which u o4»cmN] 
before ftgioa. 

{4^] All Btiftln^ If'Adff to th<f conc-liiKion tiint (N>hc!>ioii would 
he Mitirrly i:]raitn»vo<l in rveiy rlcrnmtnry ImmIj- by n BufBdcQt 
etfTTiitioii of iu tcrnipm'nltirt^; tb<iiig1i tfaciY^ nrr Komcf ImmIi^h «bich 
hnvft mit ft!* yt't het-n \u\i\r^<H\, unrl rinTty wbi<*!i hair*" uiu Ih*d con- 
verted mtt> va|)rnir. Thi^ tlirw n*iuiiti<mfi iu vbidi tbe same 
chcmico] coid]ioiiiuI may exlj<t, exeiii])1ifi<^ by ice, vatcr, and 
^toam, M*cov6\ui: to tlie defree of heat to iihich it is cspofledt se 
stiown by n vaht Dumber <^ other bodies. Gold itarlf hw been 
lir»t Diclti<d and tlirti Tulatibzcd by the intense hcut of tbe nm's 
rnyat roii<*i"ntrutrd by n biiniinfj lens. On the oihrr hiuul, by a 
Btiifici^-Jil n^diieliou of tieJit, lUkitfx) uith u vi'TtJiiii de^rK* of prca- 
BurCr A number of inutes hu^-e l)ceii re<liire<l> ftrut to a liquid, and 
Bevcral even lo tlie solid eomlilion, 'Hie ftHnce of cohewoa, like 
that of heat, is therefore uuivemal, Jf the repuUion cxcrunl by 
beat cQiM be carried efficiently &r, every known sub^timoc, lutt 
MtnaJly c1cooni|>o«abb by heat, wc have reason to bt*hi?vt\ might 
a|)pear a» a g^; und, by a redmlioo of t<rmp<-ruttuT ^alticient 
to aJlov oohodoii to exert itn twiiy, ever)- known gaitcuiis Bitbounce 
wmild probably exm in tlie »o1id »tnte. 

In ga»G8, eoljesion a|)}K^iUH to \w entirely ovfrroine, and it docs 
not vxen itself sensibly, except in eases where ihe p» is apiiroat^i- 
ing the pouit at which, by prtw»urc, or a>UL, it assumes the liquixl 
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4 III. Adossion — Dtrrt'flioK or uqcim asd ru«Kff. 

{4?) Adhe^ffn. — Annlofcoiin to oohcj4ioii» or the poircr vliu^h 
bokls similar purticlcH togt^tlier, i« thnt of ndhcGnon, nbicJi !« e3C«rtt<d 
between the particles of diawiroilnr kind* of oiutu^r. It not un- 
frw|in*«tiy naee biph eiioufch to d««troy coh*»ioii, as irh«u ragar 
Halt diMolreA in water. A rod of glajH or vood di|t]ied into 
or oil mmes out wetted under the infioeitee of lliia farce. It is 
cierted butwxcn diAereut iMHiicsxtith very dilTerent degrees of fcirec, 
as may be Ulantmtcd by tbe follonin^ experiment : — take two $la» 
djshe«r sift over tbe l>olto:n df one. a layer of lycopodium or of tini^y 
liowdei\^ resin; over the otlii^r a layer of powdered plaw : if a little 
utter Isc «priiikled u|>on eAeli. the drops of water in tbe di»li of 
rmu u-ill be covere<l by a thin fdin of the ponder, and wlic» the 
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dinh ift iiu:lmcd will roll nba»t like aIioc^ ikc cobe»ion of tlie par- 
licli3* of t\K Huifl ptvfliiniiiintin^ over their wllie^on to thoec of 
the Bolid : nrhi)j»t od tlitr |h>w<Ici^ gh^'** tram the superior adho* 
Qcm of ^LuB* to wfttcr, tliv drop* unk in and ore ahtotbed. 

if thb ioUd u mKtnl, a ix-rtuiD prcpoiLcl<<Taiiei> rtf tlir- fmror of 
adIieMCni over the eohtoioii of iho [lartid*-* in otwinuHlj- tu'<Y9uuir^; 
for if tlie Aoji»<ive exreedn liie lulli^itnv pou^y, n* viht'o glii» or 
ir*jTi 18 iiluHf^-iI into nierDur>\ tie totid i* iu>t wf^tted. Kitriufjxw 
orcunifiUiKies, however, groitly modify the exertioh of this fun^c 
If ft film of air, of oil, or of any forcigo matter be diBiiM^ overtlie 
twr&c? of the solid, it lb do longer the tur^ttec of die «>lid and 
the liquid ii1im.'Ii tre eononrnorl, Init the liquid and tic ftunacc of air 
or oil vitli n'Lieli tlic itolid tH coveivi). A clctui ghuw is immediately 
wcttt^ tiitU water, hot if lite ^ij^htiM lilni of grcue exist upon 
its aiirfn^XTj ilvt water rLiiis olf almont ontinly. 

Adhesion pven ri»e to a rarietj of iai|>ortant jdieitoinciia ; it it 
mninly ooncemed in the production of eapiliary ftriioij, of ttolutlon, 
of tiK' diffusiou cf bijuicU^ iu eik<losrno4^is, aiui less dijectly lu llie 
process of the intermiiEtiurc and cbfliLsion of ^^nscs. In this ehapter 
Aciroe refiiariLtf wiJI tlwnrlbrc be mule up(.to e^tch of thew «!iibji*ct« 
til Auaio^tfaOQ. Adhcuuu » the more cKpeeiully wT>rthy of attctitivo 
jitudy by the chouiitp vm in itH inatnfwtation^ it ia more ueorly 
aJiied tlou my other force co chemical alttnity. 

Adhr^cn w exerted beineeu bodleH of all kinds, and when 
it occurs becweeo floli<U, it is eke jmncipal caiuc of that re^ifttaoee 
to oiotioo which l» termed ffitrii<fti. A& a fceneraJ nde, biclioit 
is grvater between similar kindn of ujattcr, Icf* betwccu tboM; which 
differ in natorc. An iron axLe tnoving in an iron vockct cipe- 
hrnce» nndcr similar cirCTim*taocc» a prcatcr nmoont of friction 
tloin if rcvolvifkg io n bro^ Aix^k^t ; luid the iiUc?rpo#ition of a Hut>- 
»tui»ix like plajiiljogo or groaBo, tlie [lartidcA of which have bat veiy 
litUe tiobi^aion, w a fuiniliur mode of rvduciu^ the uuoiuit of JHdiou 
in machinery. 

F«n- vulwtiuicv* aflfuit of a p^^ater variety of um^iiI apiilu-Jttionfl 
from tluiir ^<idty of adtur&ioii than caoulohouc; ita peripctaithcMon 
to ^laaa adaj>ts it a^Emirably for fitn|tperTi, and enaldev the ehemifit to 
employ it for air-tiglit and flexible joirt^, Thl^i property of ndliirKion 
to the bodies ahieh it louehea further fits it for bauds for diinng 
ttuichiDcry, and far nunit>crless otlier puriioTrC^. One of itA ino«t 
bigcnioiu appheatioiis is to tlie mauufacture of the cartU einplot'ed 
in the carding of cotton, pref>aratory to spinmntr it into thretul: 
tbcsc caida coostEt csuotijiUy of u wire bru»h witli a fle:iibLe bou^k; 
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tfccy ircrc formerly niActc of a litrip of Icnttifr, tliroti^ whirh die 
irire teeth were |Huisrd ; thr: H<»lra, liowcvcr, vrbicli ullowwl the 
pwMigc of the wire, tLjiecfilily bcraioc culurf.x'd tiiu) coiucul irom tfao 
fttrom un t^e britttloH or tnrtA durtuj^ u«<^, aud the c&rd ere lon^ 
me unfit for ita otVit^e. By nafikiii^ the flexible t>A^k of two piecvft 
of voveti fabric witb a l^ycr of oaoutclioiio between them^ however, 
thifl difficulty is now ontirely obviated ; the caoutclkotic R<ih«re« to 
the wire unrl follows it whc-n dr-Flrrtrd, wliiUt by it* plrwtipity, it. Ml 
»ooii A8 the drag wpon the wire* cea^e*, nwtoir* <*rh wire? te ita 
nght pmition. 

(48) The entire rnbie of ccmciit* depends upon tlie operntion of 
tlie force of adluMfion; mkI in thevarietyof oement^s miwleredneoeft- 
sary by ihc variety of nmleriabi to be united, we !iave additional 
l^roof that arlheHion is eietted between differeut kind*» of matter 
with very lajrinjj de;^'ces of force, (j iue or i?um may be used for 
joining pieces of pa&tcboard or wood, while it totally fails bb a ccmeiit 
for glass or cbiiin, eitliLT of wbicli nocd» some rotinous matrrial to 
unite Its (ragRietJt« ; whiUt for the luiion of marble, stone, or hrick- 
work with t*iich, other the u« of mortiirorjioiije cwlearpouK cement 
ia required. Tb(^ thinner the layer of cement the more perfeetJy 
does it perform ita ta^k, aa it more rapidly and completely adapta 
itadf to cJumgea of temperatnre, which, by eaosing it to expand 
uttoqufttty, woa]d, if a thick maas were uacd, destrr^ the oobGfiion 
of ita own particles. 

A rariety of cements arc in continual n^uiaition in the 1a- 
borator^% Well Itoiltn) ]>iL«te apidicd on bibuloim piqier fonna an 
excel Wut covering ri>r c-orka niul other jointai nhidi ztrr Uahle to 
be]ionjua; it must be alhmed to lirc'umc lU'arly tlry before it a uved. 
Plaatcr of Pans made iiitci u piinte ii^t too »tiir, ma_v ofttui lie uaetl ', 
wlieu dry it may tie miBhed uvcr with oil to make it air tif;ht. 
Strips of well Boakrd bladtter may BOnictinxoH be cinplo>-ed adi^ii* 
ta^eoual^E they fonu a t^rm joiut when dry^ but for moec purpo««o 
wluNTs a temporary jotJit only i» ro(|titrc<lf nothing ik ro convenient 
aa a strip of ubeot caoutchouc Mificnnl at the tire, and botitid 
round t\ip parts to be coxinrrlt^l ; when wiftetwNl thiia, it nvually 
nflliemi |H"rf(*f-tl} withfiut OAim n*qnirij:g to Ik? tte<l, \Vbi*n the 
joint ia inteiub-d tn U*. fiemiain-nt, m when a l>ra»a eap U to lie 
attached to the neek of mi air-jar, for example, a reainona remeut 
coiuistine of 1; i^aita of reiiu, 1 of yellow wax, and i of fitkcly 
pOwden:d Venetian red, fonna a ranvenicnt mixture : the resin aia) 
wax arc mdted together aii<l incorporated uith the Venetian ml by 
atirriug. Befon? ii]>plying it, both the fflaas and the nietid cap 
irliich are to bt cuuuectod together muat be iranned juftt aulficU 
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eaUy to okU the ccnicnt. 'When the }oint« lirc r^iiii^ to rmrt 
m oonudi^rablc prrw<uiv vitWit Irnkin^, a mixtiiiv of equal parU 
of red lutil wluto ]i?«.ci grttuivl into n |>iuit4* willi Uritcvd otl, worl^r^ 
Up vttli fibres of tow, ftnd i)>nck4Nl tiglitlj- into t)w joiul, Ncti firmly, 

ll not unfriYiiiPittJy liA|i|H-nii thAt tlw» fi^wyr ftf tdheMi^n betu-wn a 
cvmont &nrl the Ixxiieft wliieh it iniitcs^ flur]iaAKe4 the i^>1u^]on of the 
pwticles which campoM* the Txniles theuBelveai ; from thn raiue ire 
often «oc a liim of wood split off, aiUierins to the siiHacc of tli€ glu6 
wlim a frnctiirc occurs ucar one of these jouungs. The feat o( 
tpUtting & bonk note into two lamiuie, whicli excited »> much m- 
toniftluuent^ was ncconipliahfid by ceniontiii^ it f{ra\\y hctirccn two 
flat »urfAoC9 mid aflerwnnls jAopftntin^ them; the Gohewiori of the 
)«pf*T boiiijc ff-t'hW diaii the adhcKion to tlie c^mt^nt, tlic paper nim 
£|kit tlimiiffh tlie middla ThtA metliod of Kpliltiitg ])a[ier had^ 
however, been long knoim to the buJit cutter and inlayer, 

(49) Ca/^itmf Aetiim. — The existence of adhesion bctwcm 
•otid» uul liquid* is m> well known na to accd no further illuKtra- 
tioD ; but it producer manj very important results, some of whieh 
ma»t 1)0 luitieixl. 

It i« to the acLjuAtnkent of the forec« of arlhcsiDii and <xiTie?(ion be- 
tween aoliflu anil lifguulii under tlic ximultiuioouA ialtuent^e of gravity, 
that the important phenomenon raUe^l cainllary aHrariion is due. 
If & perfectly dean glfian tube, with a flue fxirc and ojien at both 
a, be phui^:ed into water, or into a bqnid capable of wetting tt» 
flw liquid will be found to mc in the tul>c con!*idcral>ly aWvc the 
IcTcl of \%^ tfurfaee in the Tc««el; tite fhier the tube the hi^^lier 
cloca the liquid riae. Tb^? nu^cc of the liquid will aW he aiem 
^vkcrc it approaebca the outflde of the tube, or the ^itte of thf^ vea»cl 
iktnining il, to 

Flo. 94. 
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slightly aepamtcd at the opiioixite ed^ea. The hquii) will rise 

between tJw glaes platca, the height of the coliunn being inrencly 
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n» itft diatuucc from th<- Angle of contact Itctwcdi tlio |ilatcA. The 
U|tpcr botuhlaiy of tVic liquid vi]] coiinccjurml^ dc^cnW n l]ypr!rt)o]io 
curve (fi^. 24 n). Tho f^AiiM* of ihr ruv of tli<! Httid in Oic wlKeoon 
bctirreti it* portit^lui and tlioic of the glstf^; the Umiu to tluit Hm 
arctlic action of grarity nnd tljc force? of oolii^iuii aniOTipit the lirpiiil 
particW A« the turtion of prnvitv i* ivjiud iiiultrr ordinary circuin- 
iit«ni<eM ii|»f>ii bU l]ie [lartiHesc of iIm^ fluifl, it rwiiioM the liquid 8iiri»oe 
to a uuifonn Ir-vi'l. When a tiilxr i^ introdiK-^^, the imilbrtnilT of 
tiiia ftcdou ia iiiii^ri'ercd niih, sa the IbUoikiiig comidcnitJonA will 
ahow: — ^thc particica in immediate coEtact with the side of llw 
Xuhe are poitiidly s\ii>iJoi-tcd f>y itdhcsioii to its surface ; tli*^y tJiete- 
fore fOi^vitAtc donununis nitli n dimini^Wl fun'c, &nd a (on^cr 
oolumn 1>ecome» aect^Muiy in order to r^iTi|)c-nMitv for tliu dimina- 
tton (if douziuard ]jrwrtirCH Now h't i» ruiK^inf tlifi |iarlk'l<?* (rf 
the fhrnUfd txihrniu of liquid to lie arraji^l aa a aericA of coo- 
liguoiiR concentric cylinders ; the parliclai of Uic outermost CYlii>dcr 
arc DU6taincd later&JIv Hv adlienton to the tube, tliose of ihi^ otxt 
ejlinder arc hun^ on to tlie^, if the exprcsaoD may be aJJowtrd, 
and «up|)ortc<l eolcly bf the cobesioo of their fcUowv ; tho^e of the 
thini t^hiwU-r an- hung on to tie portielra of the MTOnd, ami so oil, 
lUI '^v. reaeii ttx^ ct-Titml irxi of ])>irtickw. l*hc viirbce of Uie fluid 
itt iu ccHue<juetice neoe»anly cuned ; the outer cyliiider, or the par* 
riou of 3uid m coutact nith t)u^ tulic Maiiding at tlic lii^hE^ei poim. 
Now Biiiec adhesion is cotiflned to the ttujUTfidal layer, and het«ecii 
the same siibsiaiiccA, is, atteris parifthM^ coitatant in quantity fo run 
cqnal cxttntt of !^iirfaec, the wider the tijhe the ttliorter uiU tie tlio 
eolumu »u>it4ira-d, &» the couuiito of the etilutiio im'tK^ by cobesifm 
intrra^c more mpidly than tlic «urCice of the (lyliiHlm Tbe 
hciight of the column i> ijivcreely u the diameter of the tuljc, 

(50) The clcvjitioii nf the coUiTon of tliiid in tnlieo of cqua! dift* 
meti*T raniM «ith the nutiirc of the fluid, the vonntion dc'{M.-iidiu^ 
(partly on tjie difiWeuetj of cobivimi helwoeu the pnrtit^W of the Huid, 
partly upon the difference of ndhwion between the fluid and tlie 
glwH, In eonAoqiieiu'e of {\iv deert-aue of bucb tbone foroea by licfit^ 
the linglit of the column diminiabea na i\\v temperature riBea. 

The following table fioni i\\t^ experintenta of Frajikenheim, diovrm 
Olc beitflit at which the different liijuida eunnierated stand, ut 3^^ 
F. in a tulx^ 1 millimetre (about ^1^ of aiL inch in diameter), with 
the cx>cQicieiit of a>nreetion for tempcratui-e, wliich midtit>lt«''l by/, 
the number of iIl'^w^w wnti-jradc alxnc o*^, gives the ftnioiitit to ht 
deducted ill miUimetret from the numlirr in eohimii ^, in oinler to 
find the height of the capillary column at tHv temperature required. 
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(51) Inflnidfl, BiMJiaftmcrciLry, irhciv the force of oohesiot] pre- 
poiul«rat(» over tbor teDdcncy to adhcro to the sidea of tJie inb^ 
the capiUarr actioii is rcrcrscd; tJic suriitce becomes, comv^i insirafi 
of concave, aucl ttic lii^if^ht of the coliumi vrithin x\iv hUjc is 
deprcBwxl below Ui« gimcnU Icrvd. In a miun of fluid i*n^h pnr- 
ticle is miuDtaiiicd in it» pUot; bj- the mutvaJ ntlnu:tiou tif a\\ tlio 
niTTOtuuliji^ uiw» ; but if a columii be isolated lioni the ma^* of 
ftuul by tbe iiitcrpoeuUoa of tlic vrolb of the tuhe^ tlie sides of 
whidi exert litclt^ or no ef|mvaletLt adhe^vo force, the cohonon of 
the mtm below drawa clown ihc upper particles aud |irodu<^c!i a 
dejNnessiou of the colmuG. This df^rcssion of mcrairy In ieIhsb 
tinders a certain oorrcction ucicGSfunp' in rcndiug olT tlw liini^ht of 
Uk uji^H-urud coltimi» iti tlii- b(ux>mt:tcrr which, m coti*<?ijiimi;r, 
ftlnajB flaiuls a little lower thajk the clcvAtirai due to thr atmo- 
spheric prc*surc. TJic nnn'owcr tlic? **orcr of the tuljc tlw? greater ia 
iho deprcwon. Kxpcrimcnt ho* »howii that tltia cnpiUiu^- dcpirw- 
«an m iiT-arly oi»c half looa iu tulH<B that have hod thi* merfriuj 
boiled within i\uKa than »i mihinitd tub«t, a^t hv lliis ni«uu» & film 
of air, vliich ui uiiboilod tuhea adhetieB to tho glww, i« expelled. 
By employiiifi; a tuhv of ?j or ^ an inch i» thtr Imre, thin eor- 
rectiou l>«!eodif« an tnlling that it rnay he iie^kv-ti^d. In a ttdx* of 
1 indi in diameter in vhich the niFrroiiTy Hiia lieen l)oil»d, the 
defiresaion \a o'02 ineh^ whde with a MTnilar tnhe of } iiu-:h din- 
metflr it is only croo^. The cat>illar>' depre*«ion of mercury ia 
alightly inervivetl by elevation of tcni[>er^ture. 

In rradiuz off the levtl of luencnry in a bcuometci", or in a 
^rTwliiatc<l jnr nsetl for tlie mcai«ureineut of j^aacs, tLc hcii^lit uf the 
uieUl should be taken from the canrcxity of the currc; but in 
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Pn. t$, cfltiiDslmt; tie roluroo of a liquid 

wliich wet« tho siuiiicc of tli« 
gIsM th« doterntiiiAtiufi should 
nJvrnyn \>e mnde from tlie bottom 
of tlip feline. Th*? line* o a, b 6^ 
%- 25, iiidicAte the poiau in tbe 

Mntheniatimiu h&rc rIiowii 
thftt if ti)e vUicfliotL t)t'tw(XTTi the 
Bolid md the liquUl lie ctiiiol to half the coLe^IoD of the particles of 
the Bnid. thi* »tirf;ice At the point of contact will neitlirr be dc- 
viitcd nur <)t*preKAe<l ; if the adlicsion Ikctweon tli€ two be uioro than 
half Uw echaoon, elevation of the li<iuid will occur, ftnd if it be 
lee* thun lialf, the surface will be ilcpres^cd and conrex, ^J 

(52) Capillary artioD plnyi* an imporlaut part iji the opcratiooa ^M 
of nature, and in a ^-ariety of way* has l>owi reiidercd sab^rnoit 
to the wanU of man. A familiar illiiMnitioii of its cmploynicfit b 
«een in the wiclut of hunpi aud eaiidlnft, which beiug compmtd of a 
btuuUu of 6brou0i matenab, lijnuiih hair-like ehminelH by which the 
oil (»r melted comTiustiblc Ib clcialed to the tlame, and supplied 113 
fUflt a4 il is coiiiiumcd. CapiUnry action influences the ctreulation 
of Uw fluida in tJic porous timuLv of off^iized bcin^, and it ia the 
principal mode in n^hich water, uith the various fiubstances which 
it bol(l# in ttoliitioiir ii^ MippHinl to the t\n>U- of {^rowing plania. 'By 
its mcaiui, duritig tli^ droiLgbt;* of puninier, fW-eh supplies of 
inoirtture are raiMsl towardn tlic Tiiu-fw-c fur the injunteiiancc of 
\x-§;rtJil>1r \\£t^} and m ihe nnttus way, vr}tcn diiriug winter tlw mir* 
facti is hard bound by n loii;^ dry treat, water in <xiiuituitly Rnding 
lbs wby from beiie&th, ia w>hdiflod ujion the Mirfacc, and rcnaiDs 
stored up ludd q tlLan^ ctibuca ; tbeu it is that the aeieuiniiUt4<i1 
moiBturci nit^llaui* tlie »oi1 mid produor« the ««U-ltuovu eofV aud 
planhy «iato of the groiind iihich folh>Wh I^^ng- continued ti^oats, and 
which exti^nda ch-t^jH^r, th<? longi-r tbr dumlion of the freemng tem- 
pCTaCiire, alt.hnngh neitbiT smiw nr»r rain mny hjive fallen. 

A curions illiutntttoii of titie rurtion of tbc c?ombinod forced oi^J 
cobenon aud adhesion, in overcoming the force of graintr, ia^| 
afforded by tlie following experiment : — Procure a «mall cylinder of ^^ 
fine copper ftire-gaiuGe, about 3 inches bifl:h and 3 inohci« vide» 
dwed also al>avc and below with the same material^ and furtiiftlied 
with a stout wire to wrve na a bandjc: pinnae it under water; 
coQitirU-fable iliftlcuhy will be eiperiinieed in cxpetlinj- the air, owinfp 
to the fomialion of a film of moitfturo over its surface, irliidi by 
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UlM)4itll0D 4f the fliud partldoi componDg \i and by itn afl1»<>^i»ii 
CO &0 tnn% piTTcats tltc i«ca[ie of tiii^ ur ^ vltcn about linjf ttl1«*<t 
iritH water^ lift '.be cjUiider out of ihv bqiiii), tlic fluid will be 
iecurely retained ; water maf even ht idloved to ftU lu a gcDtto 
Btream upon the top of the i^iue, it will pa^ thmiixb and run out 
bdov, vitliout, hoircTCT, afloctiii];; tbc <it;an:it)' of liquid viilhin, but 
by pivinp ttio hauiUc a ^b^ht jerk, tlic film of liquid vbioli vup- 
portod the pressure of tijo atmosjdicrc vill be broken, osd the 
water will then imm«)Utely e«capc, 

(5i) f*\fi**^''f^ <if ^ttrface on Atihfnon. — As adliesioii take« 
jilsce M)tely Itctwuen the Kurtk:e« ijf fxxliCM, it u evident that uty 
drcuni^tanoe w1iii4i iiiereaaes tlie extent of that sarfacc muiit 
maieriall^ faeibtate ihc exertion of tins force. Mmutritiibdiviskiu, 
hy tbua increatfin^ tlie extent of surface, greatly exalta tTi« cffbci 
of adhesion; a cube of t inch in the eade ex^o^eji a Hurface of 
6 square inches, i. <■-, there is a square indi upon eaL*h of iU 6 
&CC9. Suppose this cube, however, u be subdivided into a nuin- 
her uf smaller guIkv, cwrh of which is only nAn of an inch in the 
sidcp 1,000,000,000 »udi cubes voidd (hu« be eontauitd in the 
■pncc of a eiibie iiicb. Xow tm ^uwb little cube bu4 6 udcs, tbe 
«ur&oc which it will expose id loaSftoo ef a aqiiarc inch, or 
1,000,000 of thi-m will expose 6 M|uaru iiicbca; that ia, am much 
korlkoe ha a solid cube of uu inch in the aide; the 1,000,000,000 
cuhoA will ounfiotguently eaqtose 1000 timea as great a «ur&cc, or up- 
w&rda of ^f6 »quAre feet. ITio force of sLdhe«ion, tlit'refon*, hy 
vaA n tfubdit'iuoii, »}iouUl l>e inerefuied M>mcwhat in ihiii proportion. 

The ithduencc of this kind of Rubdivi&ion in «xjiltijig the effiact 
of adhi?sion 11 fltriVinjily nthibirrid in the vtunc: t\{ rhareool. The 
fltructuTO of ihc wood from uhieh the elian^ in procured is oel- 
hdar; when hcat^xl in Te«»ebi from which air \% eteludal, the vola- 
tOe oonstitucikta of the wood arc ci[)f lle^l ; and the chnrcoab which 
docs not fuse, renuuna behind iti a very poroiL^ condilion, rctJiining 
the fonn of the vooil which furnished it. MiUtebeflicli calculates 
that a cubie iueh of [)ox-wood cxjtoscs & surface of not leas tliau 73 
tquATC feec on tlic cells of which it is formed. 

Adhc^on occurs between charcoal and otlier bodies, with de* 
pcCB of force that vary veiy niuoh. For the colouring nuittcrs of 
T^etaldc and auimal origin tliii^ ailbeMon Lh extremelv etier^etie ; so 
that if tbeie bodice be dissolved in any liquid and agtuted with 
diarcual. nearly the whole of tbc colouring matter will be Tetaiiu.-d 
hy Uie charixtal on sq^ratin^^ the latter bv tiltnvtion, ajid 
the fliud will nm through eolonrlcsa* Urdinary vinegar and port* 
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wiiif- rmy thnft lie olitAincsl in « n>lmtr]»«« cntulitk>n. Ai1viuibi;t 
ill takon nf tUiH fnH i^triiMV*4y in Uh? refinhig of m^^r ; the 
itjmip!<i Atv in thU cone d^jirUefi of <?oJour by fUtratiou tUrougb 
coltunn of riiKn?oul 13 or 13 feet in tlickDess. T)i€ species < 
ckarcoal tihtch is moat extensively emjiloyed for tliis purpose ia that' 
obtaiuoil liy biirninj^ bonc^ lu clow vcsscU ; and it i^ hence termed 
ioue blac^^ or ivoiy bhck^ ur frccjuezitly ajwaai charcoid. The 
ebftTConl i« ia thi» eu»c in % ntatc of ejitrvnic mlxlivi^dciri ; it doc* 
not constimte above a Xctnh or a tvdfth of tlie ^ eight of tlie fovw ; 
the remainder cMiiuibcU of earthy lautterH^ chieflv pbof^|ihate uid 
ciirboiuite of lime. When boae bUek h&a been n»ed for 61teiiiig 
liqiiiilH, and baa ecased lo take up any more cokmrin^ matter, 
It is thrown aside aud allowed lo ferment ; if then it bo well 
naflbedf and rc'-biniipd, it njny Im^ ntM^d flgaiii with nriiHy c<|iial 
effeet. Other aniinaJ mntti:r?^t €»pcetttliy dried bhxxl, ftimuh, vrhtni 
ciilnncil ami vrdi wanhn), a eharrikal ^iIlicU b^^ i«til) tnorr rtlkiflcioUH 
llic addition of earboiiale c>f iHiUL-ih txi tlie inttM before ealciu&tio 
utiU furtlMT inae4i.^s tJic decolor iiting |x>wer. Muny otber matters^ 
besLdett tfaoae iraMcteed of eclount^ip; prajjerties liave lik<^wi!W thi» pe- 
culiarity of adbcrinf* »tn>u;|-ly to eharcoal. rrufi-uor Gmham liaa 
aJiowu that meudlie o\iiLea 111 aoluCiou iu pouub or auiuiuuta, 
arM-tdous acid in wntcr, mkil bodic-a i^cucndly of feeble solulntityj 
pOAscMi Uii« property; a viu-icty of vc^ctalilc matters, aud etpecially^^ 
the bitter principUw, ^rc thii* affected. If porter be agitated wiU^H 
eluLrcfuil mid filtcrc*!, it wUl not only be (i<-prived of colo^ti*, but ' 
ilIm} of mtu*h of it» btttemnv. It wtut formerly tbi^ prsctico, 
the ac'tii'e priuciptlcs, of medicnniil pbuita luid 1>ceii iwparatod ft^i 
the woody fibre and ine«t of tlko extnuiooiu matten irith whi 
tUey are a«^ioeiateiH, to free tbetii from ibt* coluurin^ mattent witi 
whieh they were contaminated, by dif^tiot) with auinud eharwiul ; 
60 much of tiic active pnncipW tbcniseh'eTt, bo\t ever, nen? fonnd tu 
be retained by the charcoal, that the plan was abaiidoned. In 
eonHcqueiice of thiH property, unimal charcoal has been admbiistered 
T*ith ifood effect in »otiie instaiiPC!* of poij=otiing: with vegetable 
ictattem : iu »nch caaea it can ne^er lie unsafe, aud may oft^-n be of^ 
great value. 

154) Sohiion. — Adhenion is al*r manifi-Atcd Wtwecii aolii 
liquids TTiili sufficient force to overcome the jH>wtT of eobeHon^ 
the Kiih»tiuLec i» tlicn said to dit^^K^e, or to undei^ solution, 
tliia ntamier mgar or talt diswlve« in water^ camphor or rcMon 
SpiHt of wine, leul or ^Ivcr in mercury. Anything tliat woaki 
the force of cohesion in the solid favours solution. Tbu*, if the 
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mttsUnoG t» {>oiri)anc«l, it ^InM^lvtv more quick I}-, both from tbe Itu^r 
«Mt«rnt of jfurfaoc irhicli it expoeicfs *<wl fi'oui llic ^liol 4k«ci'uctiuu 
of oolK^ttMj. Ill tlw atunc itny, htat^ W iiin-cftsii^ the distance 
botvttu the pftrticd<M of the solid, U^^tmn itn cohmon, nnd pro* 
ImUv thill oimtrifnitfv tto poipTcrfuUy to A»iiit in prtKlucin^ polution. 
If m *ott<l hudy be introduetkl in suctHsMvo portiouji into a i^iiantity 
of Huid cmpabie of rliutoh^ii^ it, the JSrst port^ona mpidl^ dUnpiicftP, 
miiil lut each iiue(.<eMltii|c quiiutily is luhUti it <lui«ulvec morf? iltkulxr, 
niitil nt l^ii^-t)i a \mnt u rea^lied when it ia no Ioei^t (iisAnlvc^l. 
^'1]<*n this ocean^ tlie imre of coheaiou baJancet tlut of ulhc^bn, 
and tlie liquid is f^id to be saturttifd. It U iin|>ortant to miuiHCf 
that hi ogfifi of siiiiple solutian^ ibc propertica both of the wlid ti\t\ 
of the liquid Mie retaiiicd. Syrup, for instance, rctaina the avecU 
tic» of tl>c mg$r &ud the fluid form of vr&ter. So, when 
Cftinphor i» (liaolvcd m spirit of wluc, the resulting tiiictiu-e par* 
takes uf the properties of bot)i, havinii: the midcU aiid toMtu Vith of 
cam|)lior and of »pint. Sohjliou in, in thb ryv^pc^:^, di.-ftiiigiii»]ied 
WnuUy froa cniwa in vihich a milid di!fta])|>eiirtt under the influ- 
ence qS a lic^uid, ovrin^ to the exerlion of a chemical force between 
the particles of the two bodies. Solution geoeraUy occurs more 
nadily when the aokent and the liotlr diaiolTed presoit some 
gcncrtk] nvemblance in properticfi : thim^mtrcurydimolvcA many of 
the metAky alcr»bol di?«clvcsreRiiL3(,oiUdi?iK>lve fatty btHtiesand oiCJi 
otbor. Ill oii»r9 of chciiiicrLl lurtian, on the otli(?r hiiiut, that action 
iff iiio*t eiw^rtic iKrintm biKlieH the projHrtiea of which are iroial 
wvlely ihltereiit ; tlie metals diiuolvc in a«-idA, oila in the alkalies, 
and fldlhm, if tuelted ^iih [lotasti or tuxta, becomes soluble in water. 
The extent to whii^ difl'ereni wtkls diBsolvo in the aame liquid, 
Tarica almost iiulefiiiitdy. In uater sulplwte of bftryta i£ almost 
absolutely insulLthle. SulphiLte of lime or gyp«uiu (IJMohcs in iho 
proportion of about i part in 700 of water, »ut^h«tc of poUi»h in 
about t part ib i^, while sulphate of magiicjiia dirL^olvc^ to the r^itent 
of a |iarts of the cr^^taU in 3 of wntcr. \^'otcr, however* which tM 
imtumtod with <mo r^t, will »till ocnitinue freely to dimtotve others. 
Tkianv fa\»tsuuyc» in which the eoh*-Bion auioiigHi their psrticleB 
b vcak arc j-xlciuivc-ly Bolublu in vater, thouffli tliey have but little 
adhnAon to it. Su^h «ul>ctaucea will of^rr be disp^ncvd by abiding 
a BOlution of anetlier body which ndljcrr* more strongly to wnli^r, 
PniMian hlue, fc>r cxnni|>le, diHM4v<w in dii>ti1Wl wjiter, but ia 
immediatety precipitated 1>y adding a solution of conuneii Mdt, or 
of ffidphitc of frodn, and Icaie^i a clear colourlcva liquid above it,Ba 
the UuG compouiul suWidcs on ntuuliug. 
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Altbougli in tbc niftjority of it]«toibcc« tbc poIuIiiIi^ of • wah- 
•tOJicc iJt incrnuicd b^ Uent, it iei >u>t unifbrtiilT ■». Lam« uhJ 
■ovvrftl of it* Milt« oflW remurkubl<< cxocptigD*. Wotcr, juitt ftbove 
tli4; frwiciDg pulnt, fUsHulvec iic-iirly twice ftH inucU hme «■ tt «toe« 
wbcu boUiiig; to ibnt if wntrr, nuttimtL-rl with lirike iu tli^ ooVI, \m 
heatiHl. it b«L<oak«>i iinlky, niui rKM>ver!t jIh 1i-imft|nu^ii^j liH it coolm. 
Sul^liht^ of lime IN fllftO dltglitly itiok> «oItibl« in nter at alMiiit 
lOO° V. tlian it IB in boiiin^^ vat<:r. A ontnpoiind of lime and sDgar^ 
\vrry jM^lutilc in coUl water, h ^Eparatcfl from the solution nlmo&t 
<x>ini>L€tcly. if heated to boiling. But the iDocit remarkable cuse of 
the kind occiir* in wulphrtic of soda. This «dt (ihc tJlaubtrr'T? wdt of 
comnunx) vhcii (Tv>tuhir^^l di7W>Ii'<n iii &hout IG time* it* vt-i|cht 
of ice-cold water, uitd iu luduhilily increa^'^ niividly ii^ tlie tein|>e^| 
rature rises, until it n^acliew i;i" Y. From iliiit jjoint iiuiil ilie mJu^^ 
tion hoila, tlio si^lnbility dccreostw; so that, wlieii a i*oiiio^ of the 
liquid Aaturated at 9 1^, u heated more ntrongly, without allow in^ tho 
watci* to evaporate, hard pitty crystals are depoaatcd, and tJ»e boil- 
ing liquid retains only aitoiit J of the ([uantity which was dis- 
aolvt^l at 91^ F. Scleui»t«of sodnrxhibiw the same peculiarity-; 1 
aUo ihic^ Miljthntc of irofi, although in a Icm degree* The 
anonittlonA n^Htilts may he [lartly eoiplaineil by the cousitU^nttLon 
that heat dinumKhe» the foree of adhe»ioii at veil aa that oft 
sion. Generally sjjeakinjr, cohe^on iji tho nion? rapidly dimiiiiiilte 
of tlie two, althonis'h not uniformly so ; and in the eaac* of irlitch j 
vc are now speaking, it wauld nppcar ttiat the adhraiFe Jbrce de^H 
dTiLMTs ill a gimtcr mtio tbaii the culic^ion of the »alinc' partiek'S.^^ 
Tim subjcvl, liowc^cT, hiipi not jet Ikitu sofBcJently eJiainioed, 
Tlic comptmitioii of the snlls jiwl mnitioned undcrgoc* diange ata 
tempcratTjrcT hek>w that of boiling watrr. At the tempctwttirc of 
the utr, tlic-sL- naltfi eoptiiin a certnin qimtitity of wiitcr, known u 
«rfl/^ 0/ erynfajfiffatiiin; hut tluB wuler ifi <uU»Tr wbfflly or partiiJlj 
eipelled from the cr}-atab at a boiliuf; hwit. Tlie liarO t^ryntab 
jnilphaCo of soda which are depOMitinl durlog the heating of 
aatumted solution eoiitain no water. 




DiffueifiH 0/ Liquids, 

(55) Adhetion httwrcn IMpiUh. — In the m^ority of instances' 
ndhehion between dinaiinihLr fluids ts vtny perfect; and from ihe 
complete mobility of the portielen the two fluids beTOmc pcrfcetlj 
incoqHinitcd. A drop of ii-jnecar or of ink may be perfectly i;iixc 
with a qoMit or imy other qu&ntity of water ; or a ilrtjp 
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mt4T mt)t a qxiMii of noogtr or of ink. Th^rc arc iikc^tDiiccff, 
rcver, iu vVicU tliKi [jvrfnct Mklutlon dopx not take iiliUK'. Tlic 
hoiiou of tUe imrlido aS the two liquuLt may, sU a ociinin 
paiiilr IioIbuc^ xheoT &dli«mon for each othrr, iLa<l tWy wiU 
become tiiut(i:i11y i^niiirrat^. Etln*r tuny^ by ii^itntion, be mUt^cl 
With njilo^r, niid t.fit* ^I'littrr pnrt will si-|Mirate> tin jOkm'xiL^ vlii.* iiiix- 
tnre to rppoae. The other will have rliftiolved ^ or tV of iU biilk. 
<^ water^ mii the vater will liavo lakoii up about i.n «|ua) t^uHDtity 
of clbcr. In a eiiDilar way tbc i?6seattal wis dtnaolve only lo 8 very 
smalt i^U'Ut ill water : oil of iK'ppcnDint, for idsUUloc. if agitattfl 
iritli vntcr, and tbtii k'ft to rt'Wt, will, for Ibc most part, scijorme. 
aJUioti^h a mifRm-tit qi];uitity nill liavc bt^^ti (liRft)lvL^l to rommu- 
aicate tlie flavour and odotu- of tii« ewwnce to th<? wator. In otiier 
iutaticeei, tbe aeparatiou of the two iluidtt, na when oU mid wftter 
are oiui^led, appeu^ to be complete. 

Wbcni ctJoToform is dropped itito distilled wat«r it gradually 
mnks^ and the dro|M lipcsenc tbcir rounded outline. If a dmp or 
two of an alkaline w>lutiun be aililcd, the surface of the cblorofonn 
becomes flattonf^ and it r(*sumvs its rouudffd character on a|;aiti 
adding a fcir droj* of an add, TWwi experiment (^bews what slight 
&rn>iustanocs may nHidify tlti- cohesive powers of a liquj<l^ and iU< 
dcgn*c of adb«^(>u to oUiejrst ; tite lulhi-Hioii of water to ddoroform 
bciag inoneiLHed by cbe aildilioii of an alkali, and bcittg again 
diultitvJtrd 1)}' neutral i/iufc ibe alkali. 

(56) Diff^on of Liquids.— UtvoU<\nU\9.ot 
dilfereiit d<?iwitii-t., wlucb arc sustvpltblo of talx* 
lure w itb cacb other, he placed in Uie tame ve*»cl, 
diey will f^inNluaily become? intcrniiitctl ; Ihus^ 
if a tall jur be filled for nlxnit two'lhinU of its 
cap4eity, nith the bhic infuciit/n of liinui^, niid, 
by ucsns of n long finiMd, aa phown in fig. 26, 
a quantity of oil of Titnol W cantiouiJy pourcnl 
in, jko m to oeenpy the low^ jx>rtiou of tbo 
jar, it will be fouud, oAt-r llie lap»e of two or 
tlirre dnyK, tbat the aei<l lias heeome ditfaited 
thrangli tb^ lujtiwl, nbicb will ennvqupntly havo 
auoimod a red colour throughout. If vatrhofl 
at iuUrvab, the progress of tbc mixture may Iw 
trmced by the gradual cban^ of colour from 
beloiT iipwanls. 

ProfoworOraliam.uhohaa reeentlyiuve«tjsiited thiambjccrt (PhtL 
Trans.f t^S^* P?* ^ "^^ ^5)' cxnpbt-s a rer)' simple appaiatus^ (ft^. 
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17), bjroeaiiA of uKWl lie ia ciublod t<?ciirnM^ to mcft^u^ iltc rat 
at vrhiclk this diffuFinn tnl^c» pliux-. UJM 
pcrimcvkU hove bwn |KTrt<>nm*d prin^njiAlljr ' 
vohition* of luilitu; bodloai, which have 
ftlli»FC(l to cUfTuM? into w«t<?r. A number 
nnall jnnir '^f iHjiinl mpiurity (about 4 ox, Pttch)||l 
WCTV jirc-jairMl, witb tliC neoIsM prouiid to on 
unHi^mi tiiicHuKJ (jf i"24 irivhet in di&nieter- 
iiito theve jam the uial K>liitiDus vere pcnired, 
to nitlijii lialf au iDch of the top ; the joxft were 
thcii filled up irith piirc water. Thus chare;td, 
each jar ^taa closed by a i^Ues plate and pbicctl 
in ft c^'liudrical vosifd contAiniii^ about 20 ok. of 
ilistillvd ii'titrTr, tl;^ month of tltv folution jar 
bciiig iLt h'iurt ottet inch IktIhw the t^iirfiKx; of the water in the extciior 
vcsaf^l. The gJa»a |ilute trtut tlieii caitcioiuiily remored. The ttpi>*- 
ratua waK then set aside in an iiudi^tiirbed pWe, anil mnintaiiu^ 
at a fttcady tcuJiJcraturc for several <Uys. Muit a siUficient lapoe 
of t[[nc> the mouth of the eolutiou jar wa£ afrain closed with a pUte 
of glajw, and the vcmeJ withdrawn from tlic Jorge jar. The water 
ill the oiUer jar wuat €Tai)OTat^p and th4* salt that hut pft»«cd iato_ 
it yvst!% eviJy clctenntned by weight. 

(5;) tVom thesie cxpcnmciit» ««veral important oobdd 
have been <U^uce(l: — 

I. It ia foimd that by emplojdng ftoluticma of tJie same fialj- 
staiico, but of different de^reea of strength, thif ()uantitie2) of tlw 
siibftaiLCc diffused in njual time» are, t<etais piifiinut, pFoportkuied 
to tlic 4U&ntity in t]ic solution, Vor example, four dtfcreut mjIu- 
tions of eonunon NiJt, in mitcr, were prepared, eontaluiiig re«pec* 
trrdy T, 3, 5, anil 4 pnrtv of molt to 100 part« of naler. In 
eight days'' time the qunutitiiti difluHfrd were, in the ^ni M>Lution, 
^'78 graiiw ; in th« aeooad, 5'54 grainur or jtint Ll4niblr the amouitt } 
in ika Otird, S 37 j^nuuji, or tlirvc timca the quantity ; atxl in the 
foimh, 1 1' 1 1 pflinft, or ahiiUkt exactly four tinitv tlic anftcnint 
diffused fi'Ofn the lintt fkolution. 

t. Tikf qnantitiea of the Hirb^tanee difftified iram M)1utioi)« eon- 
taining equal wcLgbt« of ditlmiit hodiefl, vary wJUi tiie natnrr of 
the vnbwtnnec, as will be seen by rc^ferenee to tJie foltowiu^ tali 
Tlie Noluttom in each case contained 20 parta of the solid, 
solved in loo fKirti* of witter, and were exposed for eight days at 
temperature of 60*^5 V, 
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The extreme ^lovtbcse with which dliuinen diffusee is remark- 
dlile, uid ID no doubt coiiuoctod vith itii functions in tho uuida) 
sptem, wiwrrc it i» prcsmt so aljuiidajitly in the scruoi of the blood 
Ukd in other impurtttut fluids. 

0& compiuiti^ t^^^Uerr the times in vhicfa different snbfttaJiceft 
ATT diffiiwit in etjiLiU qtiaiititicH, mmc rcniarkablc tiuuitrical 
relations Imre t)c?en ol>»en'ed by Profowor GniliaiD, and a close 
panJldi^m hiui beeii found to hold IjcIwcxtd the phenomena of 
liquLil dilfuflion and tho^e wht<:h Jiceonipanv the diffusiou of 

It has been found that sslinc sQbstAn<?es arrange themselves in 
groups, the nicmbcn of racU Rroup bcius c<|iii-<lifl\uivc, and ibo 
tmtes of difhisioti iii nurh group being coniwctod with thu ratv uf 
diflWiou of tluT oUkt groups by a simple LuuiericaJ rclutiun. At 
|inmK seven such icroiip* an: kuoini. IsuEiiorpbou;» salts, that io, 
mIU whidi cry^tjillac in the auimc fonn, nud which hAr<: an 
akudogoiui duMnical oomponition, have generally equal musa of 
difliAfiion- 

Tbo first ^roup eontaiiui hydnicliloric, hydriodic, aixl liydro- 
bromu! acidtt ; perlmpii olflc tiitno ncii). ThcM> adds fuo ih(- m^^vt 
di0iuible MiibstanocB kaowu. Thct Mioonil ^roup oontalnii hydrate 
of potuh, mid probably lunraODJa. 71ie third ^iip, lutmte of 
potsAb, uitr»t& of ammoiiiii, rliloritlf- of pi.>ta>wiitm, mtinute of ain- 
tnonia^ Hut cliLorate of potJu<h. Tlit fotirlh, niir;Ate of voila ami 
chloride of soiiium. The fMx, sulphate of |)ota^h, <<&rbonate of 
potfisfa. sdphati^ of ammonia, aiul fcm>pyaiiicie ol j)Ota**iiini ; pro- 
bably also chromate and bichromate* bicarlraibuto and ac4^tc uf 
potash, and fcarridcyanitlc of pota^uro. The fti\ih irroiip contains 
aulpliatc and carbouutL- of M>cb ; and the se^'cotli, ftidphatt' of 
tuacDCSia* 
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On comparing logctluT the »qnaft» of the timei in which ttit 
qtiaiiliticG uf thi^' dilTi-reEit twlia are eliltused, these Dum1)ers exiiiint 
a very iiitcn^tin^ pi'oi>ortioti to each other, ivbich U Ulnatnitcd 
hy tlw- fuUowiin; talil*?. In ihe first column of fi^nires the rclfttire 
<Hl1\ttiil>Uit^v of die different groups is gi^^'ii ns comparod irith tlic 
hydrochloric add group; the second show* the times m|tared for 
the diflusion of cqutd v^ei^Iit^ iiT thir iiitUvichuLU conip)iing C9cb 
group ; mid in the thirti U !<liuvrn the rutio uf the tquans of 
times cf cqu&l <Ulfiisioii. 
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All exi>crimcnU en the dijl^uion of liqtdds proceed vlth gre&l' 
n^ulnrity iu dilute sohitioiis: as the liquid approcurhe^ the 
of vnturiition, the luiiJoi'uiity of aetiun is interCerci:! witli bjr 
tetidctie}' to etdiesiwii *>f the [uuliclcs of the «jlid. 

3. Tlir (innntity of any siulHttciiice diflitM^d Jrom a voKitioD 1 
uniform ntreu^th tncrcwv'H oa the tetoprmturu nBrs; hlit the 
<if difTiXBitui Wt^vecu dtfl<<-retit lH>dice, if evniptxrcHl n-t the fttane 
pemlure, rcmuins eoiistaut, nUatc^er the temperature at which 
coitipnri^'OU ia miul^. 

4. It it) found tliat ii' t^o aubAlatioca whieh do iiot coinbtno 
«^omica)1y, and which poBso«ti different dej^es^ of difTimv-ffiuwa, be 
raiird ill miliilion, niid be plnccfl in a di^ViMon cell, they may 
be. porriaTly separated by the process of d iff vision, the more dilfti- 
«ihle pAMting r»it the mere rapi<Uy ; the mlU which is ]»At soluble 
haviii^, howe\^er, its diffusivettCM somewhat nrdiiccd in pTO])OrtioD 
V> the otlier. 

In ttome casi*« even chemical decomposition may be eflix*te<l by 
the iH^>eeMt of liquid ililVtiAlcrTi, TInm, if a !*olntioti of ordinnry 
alum (which ia a coTikiH:)ijnd of nulphate of potash aud aiilpltate of 
alumina in fixed proportions) he placed w as to riiffitae into watcr^ 
the suJpliate of potash will paas out more rapidly m proportion to 
the ciuanlity prcsM?ut than the sulphate of alumina. 

5. Provided that the liciuids be dilute, it appears that o 
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QC« viQ iliffiuce into watvr iiLr«ady couUuiung ju>otber hoAy in 
■ulucion, juat &a iuto pim* wuter 

In comparing vit^ iUlih* the jilieiionMn&& of gitfteoiLi difi^uioOy 
it vrill be w«ii Ilov c^loaeU oil tbne pntits ooinciito in the two cuses, 

(58) E»>fhsrao!tis trn/l Ejy^mntMis. — IntiiratolT ronnod^ wiih 
tlie proce84 of liiiriii) ditlii^ioii are the ohi»ige» whic4i occur ulim 
the two liquids are separated hy the tDt^rvcntion of a povoiis difu 
jihr%!7n. The tthcDnninin here are, howirvcr, more com plicated, 
fnitn tbe part irlii<.^ the iidhesJon of Ujc two dui<U to tlic niAtcrial 
of the diaphn^m cxm^fsev npgii the r»iilt. The prcicc» of mbc- 
ture will ]^ on id thiK ojlm; ii4>lnithAt:iiu1in^ the i^rcct oppu^ition 
of ipmntation. The folUiwiiijc ^.xpchmt^nt exhibits 
thla Eoct »ba ^triWiiijj; matiDer: — Proridc a fiknuel,or 
a aniaU jar, Q\ieu at top and bottoro, and furiui^Tied 
with a long, narrow stem; over ^lic open mouth 
of the jar tie a piece of inoiMened bladder, fill the 
jar and a portion of the atctii with spirit of wine 
(or with a eolution of i^ugar in w?itcr)^ then place 
the jar, with it« broad end downwards, in a 
»halkiw VRtiNH ooiitiULiio^ wat4;r, noting the lu^i^ht 
at whicJi the. ftpint or the v>ltilu>n Htiuulx in thc< 
Btem. In the conroe of a few liourit the cohimii of 
liquid will be found to have iocrcased iu IiHjflit, skiid 
if sulBt jeut time he alloweil, it will baTc riaeu to the 
top of Uh! tabe, and will at lengiU ovcrtlow (flg. 2ti). 
T\m phcnouiuucn 1iA» been eA^jlaiacd in tJije following 
Uiaiiuor: — 

Owing to it> greater adlie^tion to water than to spirit, the mcB- 
branc is cuily moi^tdwd hy the water ia eontaei with it^ lower mir- 
fibcc^ whiUt the spirit above vcU the bUdder with ditlicnltyi the 
u-at(T n*cu into tht; hlndilcrr by t^piltiiry utlroetion aiul lilU itt porei ; 
it thiiA rcttpcho* tho upper surfiiee ulii-rn it eom<s into efnitiuH with 
thv »pint ; a trao )i<|uid diOunon of the wntor thn>t^tli the ^tpirit 
then ooinmeneea (owirm to the adht^ion Wtwx*wi (he two liquids); 
a freah |jortion of wat^r ri^ea fri>ui helow tnto thi* |>orofi of ttie 
bladder to stip|Jy the place of tfiat which lia* ho^n remr>vpd, and 
thuii the liquid withm the fnnnrl is oanatanLly inerea>j>ing in }>u]k, 
tmtii al length, even in opposiuon to gravity, the liquid overflows; 
this Jioicinff fa of the hquid has t^eea tenned hy Dntrochet, who 
first particularly ob^enei.! it, Endo^ptosis^ At the same time that 
this Miio^i proraoiU frotu without inwanl<, a very ^mnll ipLiintity 
of qaht i* pa$ms out hy u nimilAr process into the water bdow^ 
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and thu floviDiE out of the vcssd u dragiuitcfl Arofmofiff. Upoit^ 
thts view the eatcnlLal conditioiit^ Ui the pln-nomcnoti itg the tnoro^ 
cofn}^ete adbcsioti c^ the bbkdclcr to oikc liquid tlun to the other, i 
tlie existence of a ccrtaiu degree of julhcsiiou betnaen thiMiinlii|iuilft. 
WhcDCA'cr tbc«c couditioiw ^rc rmluK^d, no matter what the lk|U]dfl 
ma^ be, the liquid wkidi moAt freely wet* the menihmw pusei 
Otit more mpidly than the ether paA!<e» in. ^fl 

Tlie (br^^iiig exi)]aaalioii, aJUiough it is pmbahly tmc for tke^^ 
pnrtioular expeiinieiit with aleoboL and water, is however inade- 
quate to e:c|ilaiii the phcnoiDciioTi ircncrally, which is oac of con- 
tinuiil occurreuce, and is of iniportancc, specially whim ciHisicUvicd ^ 
In itj^ phjsiolopcal bearings; and Iriim the recent iuvcitdgatiOEUi ^>f^| 
Profewor Gmham ( /*AiY, lYans., 1^54, p- 177), it has «:qmred 
additiona] interest in a pun-lv cbcmifrft] mn»e. 

(5V) '^'^^ iiiAruinait g^nerallj used bj ttla 
^jitlrrnan in hin exiiLTimtiitv, aud euUcd hy bitu 
the wfoionu^ttrf bi repre^iteuurd in tlj^. 29* It 
euiiaiata of a bell-jar, a, of a capttcitj of j or 6 
ouiiens uvtr tht? ojx.-n uiouth of nlueh a plate 
of pfrfoi'ut4?d £iiic la pUcc^li and o\cv lbi» i« 
iKicurcly tied a piece of &c«h ojc-bladdcr with 
the rnnwular coat rcmovrd, or nW ftn artltic-ial 
mcmbrnnc formc?d by calico Monkccl in whit« of 
v^ Mul dip|>c<L into boiliiig wnti^r to cooigidnte 
it; iti tl]« upjipr npf^tiirp of the bcU-jar, a tube, 
Vo i»f the dianK'tf-r uf lb*' luwcr <]|iPnin|E of the 
jar, h Utted. Tliis tube b open at both 
aod is gradiiat4^d into milliTnctn-A, «» ibnt i^beh de^n« ia aqua) 
about A ineb. A rise or fall of liipiid in Uie uarruw tube auxmnt 
i&g to 100 milUmetrea tlientfore repreMfUtd the entrance or 
of a etratuni of liquid of 1 millimetre in thlcknet^ over titc whole 
auifacc of tbu meiubriuie. In n^inj; llie inBtrniuent, the nkonibnmc 
ia well iniicvrat^^ in pm^c watf-r, and the uiline solutioiL tntrodnced 
into ihi' jar a until it Ktamls at a ti\H mark in the narrow tidw. 
Tlie ap[uiriitUH m then plHocil un a tni>od Pland in a tall ryliiidrical^ 
jtr a, an<i diiitilleil vater poured in until it ntunils exactly iit till 
level of tlic fliud bi the tula-. During the whulc capenmcnt 
Icrcl i^ carclully maiiilatned, \iy the iMlditioii or reinoial of 1 
in the cmicr jar, a« rircum&taueei require. 

The prindpul points aseertaiined by Profniwor Omliam Vf 
rimenttip ooitdncti^l ni tbis way, were the foUowinj: :— 

I. Neotnd or^nuuc subrtanoes, sueh as urea^ ^im arabic, sugar 
of milk, (^elatin^ aud «abeiiv cierciw little or no oamotie action. 
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of aodmiD, mirl rlilrmile of Imnam, t*xera»e no peculiar cwniotic 
pawrr, but a|)|>ear to follow nf^y tbe same nite of diffusioQ as 
Uiftt nhich ift observed ^hctx no porous ])Artition ia u«ed, 

^. Alkaline sohitious, aud especially the solutions of the carbo* 
nates of potwh and soda* on the couinu^^ produce eudoflinusis to a 
most rcm&rk&lile crteot. This dfcct is observol even iii solutiuos 
ivUich con tain irot more than i part of thc«ah to looo of irnter. lo- 
_ dc cd^ it was found gencnJlr tliat thc«c o^m<;tic phcaomaia were mo«t 
^^boagiT dnxloprd in dilutr foliitioiis, such^ tor instiincr, iw« Aid not 
^teitain morv! tljjui i ptr crut, of tbc s^lt. In thrsc cxperinientH & 
hi^ bulk of yiaxer enteral Uu: ojonoincu-r, whiUt only «l very *maU 
portion of the alkaline valt etKniN.'d mtx) the wutJ.?r of the otiti>*r jar. 
i'or example, tn fi\^ )toiir»f when a .loliition of carix>natt; of potach 
contmiuiig I part of tJie aait in looo of w^ter wa» placed in the 
OsmoiDcter, the Uf^uid in the stem of tite instmtneot roie through 
193 diriskais ; and for each jp-aiu of carbonate of polasli tliat diflincd 
into the outer cvlinder upwards of 500 graini of u-ati-r entered tlic 
oainoiDCtcr ; but vrheu a solution which cont&in<.<d j per <xuL of e-iv- 
booatr of pat£»h uiuv xvmvd, not tnnch more tlian 60 gnutiit of water 
eaUml thi? tttxtrunivnt for cuch gruin of oirlHiiuite ihnl diflimed 
iiito thr oult^r cyliiuliT. Whai ibc litjuid Hkv in the iiuiioiucler, 
Pruloavar Orah^ui diatin^itihc^ it u» ptnrUivt^ aatnofic. 

4. On the other linnd, dilutr actdii, and sulutionn of iiidd salta 
gcueamllyr proJTico a mrrcnt iu the i>p]Kiftitc dircctio;i; cuusfi^uently 
the colamii falU in the ntcni of the ocununteter. Thin effect io 
dtttinpiialied aa neyaiitfe oaavMr. 

j. In c^'ery uk^tatioe (eieept 111 th« cait^A of aleohol and eane 
■agar), in whidi ownotio actiou \i oba^rved, a dhemuMd action on 
the mat«TiaJ of the septiim, vhether it 4*oiisists of bladder or of 
onrthrnwATP, invarinblv oocnrfi ; and it ii rPTnnrk>h]r^ tliAt If 
pon>na matrrhaU, not *(ti«ecptiblc ot' dceaniposition by the- litpiidM^ 
ht made wc of aa a partition, the osmotic phmomi^na Tie(^>m(* in- 
aijpulieunt: — thmt a |)Ju^ of lOT^^tn, of wunhttd iniUiked ai^y, of 
taiuied icatliiT, or of com]>rcv»ttl rluimial, altlicujch uiflicieutly 
pOTDoSr fare riat to little or no osimrtlc aetiou. Theae t«o circum* 
stances are especially mtereilitif? from iheir chcmieal bearing, as is 
ulao the next point, which is probably connected with them : m- — 

6. Two lalts, wbtm mixed^ often have in osmotac action 
Tcry different from that which tJiey eicreiw KC|4iiutcly. For ex- 
aD]|4e, perfectly neutral sulpbate of |)Otash huH a fcebltt positifO 
OMiimCfTrprcsented by a lixe of 20 miUimetrea in five houK. Tko 
additton of r gart of carbonate of potutb to loocp of the »oIution 
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niaed it to nearly loo"'^' in five honn, irliilst ftn equally minute 
tmoc of hy<lrochlaric acid stopped tlie OAmosc almoet entirely. 
SimilfLT rnmltd were obtniiicd with sulphate of sotIa. Cblaride uf 
Buditim, on the other hoiiil, cOiibibi a remacrkahli' power of reduciiii; 
ocm^itic Action in other ia]t«. Tlic okdio^c of & Miliition of mrbo- 
iittte of wxltt, eontoiiiiug iVmr of the mrU>nate, wn.* reduced from 
17^^*^' to 32"""*', hj the addition of i ]*er cent, of chloride of Bodiam. 
Prom other experinicnl^, it ap|x^ai% fnnhor, that two dilTcrent saline 
sotutioiis, on« placed in the osmometer, the otiier is the outer jar, 
Cieh schttioTi holding equal wciphta of the different calt> dumlTOil 
in the same bulk of water, may also giro ri«c to oemotic iwiioiif^ 
when 8e|>arated by a »uilidjlc porotu pnrtitioa. ^| 

Pfaeuomcmi of thbi clowriptioii arc c^onstautly going on both in ' 
(ilnnts &n<l in AuiinniiL ; for iu their cin^iKv^, tluicU of rery different 
iiAtun^Tt. w>mctime« acid, Atill mtrre ot\cn alkaline, are ctixrulatiug 
thnm^h vowM*U necewHarily constructed ctf flexible and poroaamate- 
rialsti and in the&conomybothof tlieTe^etableaudoftheaoimaicrca* 
tbn »uch ac^ttovtt are of the bighDflt importAucc to thedue porfbnnauee 
of the rital fimctioiis. In &ci, wc as yet know not how iurinuitely 
the eutirr proce«»ea of ahsorptiou, iiulntiou, oud socrctiou, are cou* 
necti.'d nitli the operftlions of Uqiud ditFiiaioti ujmI of eudo^uoua. 

(fio) Ftom of lA^ttirit Ihrotiyh V^jpUhry 7^Ar*, — An interc^linf; 
and close eonneiioo c^iinta Ix^twwii the siilijecta which liavc just 
been GonHcU-rcd and the flow of liquuU through cmpilWy tubes. 
The moot e-xUm^iTc jxnd comjilute Diet of 
experimeutd htthcfto miulc upon thia, 
brauch of reaeurch, ia Ant to M. Vc 
{Ann de Chim'te et dc Phtft., 111. x^ii. 76,} 

^Sg. 30 will eiijUiu tlie method of^ 
conducting tbe^e m|ieriments : a ia a I 
co]iic[i1 inelallic vessel, wliieh can 
nttnehcd by a screw joint to a capadoiial 
receiver of coudcused au*. the exact pres- 
sure Lif which can he regidatt^ by mcaoa 
of a gaiifce fttuu^hcd to it. it is 
l^lobe, about half & cubic inch 
parity, which <<ontaitia the liquid andcr" 
e\ix*rimcut; it ia connectccL with 
nirtnJUc vessel A by a ||[laaa lube 
uarrow Iwre. A Hmilar tiibr proceeds from iJic lower part of tJie' 
#(lol>e, and to thi& is altacJjed the capilliirr lidw c, the dianir ter awl 
length of which air^ carefully iloteniiLned. The ohject of the little 
bulb, rfj i« merely to enable ilie observer accurately to define the 
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QPiqCbwioit of the Cflpillftiy Cube, a is a verw^ which U fillod with 
water, |iru\iJt^l with ui tuTcuriito UbormomAter, for rcgiiUtiiig and 
of)i4ei^iij){ till.* U'ERpi-TTitiirc^ Whrn nn expehmnit i* to ^)0 mmlf*, 
the Old oi tho rH|iiU]iTy, r, ia tntntrliK*^! ttibi thr liquid, taif\ tho 
globe, B, is tiUnI liy attofhingz; it tii nn iM!iJin*1tn^ HVTingr. HVltrn 
the IkjiucI han rtseti a Utlltf a)Mivi> tlu^ liii<:i r, the; ^yringr i» 
detached, ajtd the a|>iiaimtUK OJnnerUHL with die vt»MA of <?ob- 
dcuscd air 'Hie iirrasim? of this ei>iifiiitil air ctmtiimcs without 
i^rccinblc change during the eiLiK^rimetit, liy opcDwip a stop- 
cock, tlic iTondcaficcl air excrta it« force upou the liquid which is ex* 
pdkd throLiffh the cupillary tube c, and tlic cotuniD d<<9ecu<lf^ in the 
lube e/. Uy n»mD» of a litop-waltrh^ tht time lit which it reaches 
the line t \» exactly notoil, aud the time is agnin ol>i;ervcd nheii th« 
globe haa become ernplic<1, nnd tlie fluid ha;* rt'-oched th<r Lower liii« 
/. The object of the conie^il metiillic reMel, a, Isi to aci a^ a trap or 
lodgiiig place for auy {larticlen of duitt that might be su^poudcd in 
tJic comprrsscd air, and uhich, hy obstructing the capillary tube, 
wouhl tnar the res^ultn From the uiqiiirics of M. I'oiscuillCj it 
HfpCtiT^ that when a tube eseecds a eertAiii lcn;:^h (whicli ii^ gmiter 
an the clinrneter increases), the follo^^iu£^ laws regulate tijc rate of 
eflllui of tlic Ikjiud : i» The flow iuort-ttscs directly as* Uie iirewmrv, 
00 lint, with a douljle pressure, double the nmoiint of liipiid is 
di»char^^l ill equal tiin«9. 2. With titT^o of cN[ual di;uiicter, the 
C|UAmilii.-n ilttich&r|;cd iti tijual timi?4 an iiitcr^cly u» ihc Icii^^lh of 
tlui lutic- If fn>m a tul>e 2 Uv^hvs m Ic^ti^h, 100 ^liuiia cACujiC lu 
five mirmtce, fn>m o bimiljir tube, 4 itu^ltoB toiij^, ouly 50 ^crai&s 
would fluvt out m t)i« saiQir time. 5. In tubes of cqxuil 1eiif;tlL», 
Init of dilfcrcnt diameters, the flow ie a» the fourth powers 
of the diamecers ; for cxam|j]Q, if two ivhc*, one of ^Vf 
aiuithcr of rit9, of nti inch in diankctor, bo compan^d togrlhcr, the 
i*niu3i from the Inr^r tube "tronld he 16 timcf^ a* gri?4it lu trcmi tlto 
■Tntilk-r» N-ing in tlio pmportioti of t* : 3\ or sw 1 : 16, althou^i 
the dinmr^trr of th** t1tbt^ i« imly twifc u% gvfut. 

Tn till' chiiniRt, howrrv*T, the mrMt itili*rr^*linp; part of thc»e 
exjicnuicntft ui tluit which lUMpUyK the cll'i*ct iirtidcioed hy vaj>iiig 
tlie kind of Ixtdy ivhich is a]towe<l to 1!o;v Ihnm^fh the capillary 
tube. The naatenal of which the tube itself is msilc docs 
not apiipar to iufliienoe the result ; but the uattu* of the roIu- 
tioQ cmpl(jycd exercisea the most marked cSbct. The matt-rials 
nsoil were, in aio<t «i*cs, solutions in water of vjirioiiK bijdies, 
(*9^l>ociAlly of salt;*. Tu die minority of instances tlw Ihiw of tltc 
»olu6on inw slower than that of distJltal water. All the 
ilkaliea [iroduccd ibift rvuunlauou. In a few cnAOB, no Kiuible 
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effod wiw produced. Thttt, luntber nitrate of n\r^, hiAkmAo of 
metmry, iudulo *>f fcOflium^ iodide of urm, nitnc. bvflnodw', hromio, 
nor byflrr7)>nimif^ iu*id, fteoined to hnv* tmy mtxience; vhil^t tJie 
hydroBtttiilmrio uid hTdror^iniu! acicbi, and a tcvr of tlic ulta of 
potaslh and Aininonia — riz., the uitrats of potash uul atamonia, 
cliJorides of {lotaaaium aiul aniinoniimi, the ioibdc, bnnuidc^ 
wild cyanide of potassitun innrcost'd the rapidity of tbo 
flow: but it ifl mnArkabtc. that o^iiccmtnitGd HotiitiniL» of iodide 
of potAMeiuiD ahovc a temperature of 140^, aiid of tiitmte of 
potftih above 104^, iictu&Uy flow more elonly tliati lU^tilled valor 
doei^ Strict nttiiitioi) to tbc tcmpniture at nhicli these eonapi' 
liscnit are made Ji^ alnolnt<<ly neoci«aiy, for l>otb uitJi lA^tcr and 
vith dilute »o)tiliotLA generally, a flight elevation of tempcratare 
pTodiiccA a ^T<*at increaae m tiw. rajiidity of dHui, tt'alcr, for in- 
Btance, at 113** F., eaca})ed through the aanic tube with a rapidity 
flj times Ait ^Teat aa it did at 41^^ f. fl 

llillterto no cotitiexioii has been tracM^ bctuccn the rate of ^ 
tfl^nx of the tittid and ita dciuiity, eapiUariiy, or Hutdity. 'llie 
ca{nllrui^ of nLn>boL, as wdl as its demity, mcrc^OM^ in pmportMii 
an it >M diluml with watrr, whiU^ it:« fluulity iliiaiuisheit ; but eaje- 
rimi^nt haui prctv^fl thnt a mixture of i<qiia] pnrt-« of Hjiirit of wine and 
watrr flom out irith <?i>ii]iidera1ily lo»» thjin luilf iho rapidity of pure 
alcohol, ami tvith Uv^ ch;m orie-thtn! of iTuit iif diHtilltNl vrater. Tbe^^ 
diLulioii uf uhToJtul, thtrt^fiin', to u ctTla-in jmUit, ivlordu ila efflux^ ^| 
aud W>ot[d thai |nnut ijicn'iw*e» it: tltf iiiiuiLiitim ratv of ctBux our 
rc«poud0 vitl tliat jMu-ticniLar iiuxUin^ of alcohol and natcr^ which ia 
attcnclcd witbthcm^ixiniuoiof coiitnictiou,nt\4^riLd|]ii^tur«of ihe 
fluids. The »o1iibi)it^ of ilio body lu vator ajt^iearH ulw> to CK\ 
biit a Bocondjxry inflaenoo on tho phciiomouou. M. PoiMuillc *ho«V 
H to K* highly prolmbl^ that the vaHoik fiolutiona, when intro- 
diured into thf^ Mood of k Imng nnima}, provided they do notcauM 
the wenim to t^mgulate, pividiit*c effwt* of flccvlcration or retarda- 
tion oil the pnjiiUftry oiroidntiofi, iMrrraiprmcIing; with thoatr whit4i a« 
oljfwrved U'ith th^ mme liqnida, in rjipTllciry tulxw of glasM. He 
baa proved thU to be thf^ oan^ bydirert i^tjimmrnt with the iodida 
of potaaaiuni wbeu irgecu^d into the \vhiA of the hor^ ; and bat 
)ihown iKftt wljen ^anoua ttaltA are irins:!ed «iith aerum^ and tha 
lii|iiiil« nn- allowed to flow out throuj^ sroali tubea, retardation or 
aoce!(>ration oeciir«, as in the corrcapouding caaea, wilb their 
a^eouK koltitiona. 

Thf followiag table containa aevetal of the rwnlla whidi M. 
P(M0en]l1e liasi obtained, uumcrically exprcased. The aolutioiiB em- 
ployfxl contained 1 i>er cent, of tlio various suhst^ncea maitioiu^lj 
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^^^Ftn iKo cft«o of Uw las* four liicpiids, Tlwy were cxpcned to a 
pNMMUC oqnal to tlinl uf u column <jf water i metre (^y'37 iiu^^iea) ju 
beiglit, at the t^rmpermtum of 53^-16 F., unlcm oth«r«inc uot^ j 
afid 0Mm|Hid tUrough ft tuW 64 miUiRit^tru (3*48 incbcs) in Icugth, 
attd o"34946"'"- (o-oSSa iodk) iu dmmt-KTr, The number* in tlio 
lahl«^ itifliralt' tlie tim« occnpied in tccauiU^ for tlio i^tUnt of eqtiul 
hulks of Lfie liquidft u«ed — vk,, 6-6 cubic ceutiniotrvji (0-4 cubic inch) . 
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1 


not- 


*»«*«•■ teSU- 


1 


5-5'9 
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67 '"I 
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AJttia . . . 
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DirtilUd W«(«r 




Pan S^mnuOt 


■ KM^'^ 


Arw&i^ui An4 


MofieiTQ . . , 


• 113*1 
. 1^618 


Pliovpbori^ Acid 


SlMjliliiJAi Silkry 


' fi«ag 


Jauuiii^u Rum 


iSjrg 


Aortic Afid . > 








Citric Acid . . 
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Anpnie Acid - 








Sulfuric Acid . 
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{6\) ASh^sitm ofO<ises to TJquiib. — The uIlii»Lion of ^riuwn to 
]if)Uid», althou;ch not quite- so rviik-;it s^ tliat of ic^iiU tn Liquiibj b 
yet attcndeil irith irsults almost equally iru^iortujit. It » exempU- 
fied [Q the pourin;; of liquid* fnim aiie ^f^f^el to another, by tte 
bobbles which arc t^iricd donii uith the descending stream, aud 
whicib rise and break u[>ou the MUjface of the liquid. 

Adhesion, honever, produces in the cRcct^ of ediition vhich 
attend the tiiutuiU fiction of gases and liquid^ iv^idU mhich 
aita for mora general in tbdr opDratioii. iVll ^bFeoiu bodie* 
arc ill a greater or h^^ ic^r^c soluMo in water; ftome, as hydro* 
cUorio add aiMl ammoma, l>cnig al>soi-hod by it with ejitn^ino 
Rtpidit/, tbe hqoid taking up 400or6o:> times itd bulk of the giu; 
in otlicr iuatanceA, as occrurt iritU carbouic acid, vatcr tokn^ up a 
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volume <H\nsA to iu own ; wliilirt in tbe cai»e oi aitrogen, oayptm, %tiii 
hydrogen, it iloe« not tuko up iiit]L*]i i]M>re Uiui fiwon Vv to Ai of ito 
bnlk. As tlie elasticity of tli« gtu ia lh<^ pow^r vrhitrfa ia here c^ 
pofted to tMlbeuoD. and which at lengUi limits the quantity dia«lTcd, 
it ifl foiuid that the sotuSility of each gB»ia gntfitCT* the lower the 
tcmpcriiturc, and i\\c greater the prcflsnro exerted upon the Mu&oe 
qS the liquid. In ci>necqiicnc-<; of this soltilnlity of the iur» all water 
contAinH a cfrtiiiu Hmull |>roi>orlioii of air, and if placed in a ves^I 
niidcr tho uirinmip, m} :m to n-njovc the (irauurc of the iiir fitMn 
itA fturfuce, tlie dLHstoked f^usa^ ri^ in mitmte bubblea, Sm&U 
as id the quantity of air thim taken up by water» it is the means of 
luaintuinii]^ the life of all acjuatic plants and aniniaU ; if the air be 
cxpellrd irom water by boiling, aud it he covered with ft layer of oQ 
to prevent it from itghin abBorf>in^ air, fbbj or any aquatic animals 
ploct^l in *^uch waicr^ quickly perish. 

The* folloning tabic ithous thf? ^ohibihty of some of tlio i>i 
cipolgasc* in witter; — 

Botulnlity nf Gtuics tn loo parts qf Wkttr, 

Hydrt)t^hloric Add, above . , , . 30,000' 

Aiiiinoiiia, „ 48^000" 

Sid]>Uiutin3 Acid 5000' 

Sulphuretted Hydrogen . . • . JOO' 

CliJoriuc IOC 

Carboutc Acid too' 

CarlKrtiir Oxide , . ^ . . . , 66 

Piuoxitlc of Nitrogen 50 

Oxygen 4"6 

IfitrD^u T$ 

All thoe ^^^1 with the exception of hydrochloric acid, may I 
eipellfd fVom the water by lohg-rH>ntinncd boiling. 

Other liquids besides water dit^Holve the gasca with greater 
leaa avidity- 

(62) AdJtetion (^ Ga*esto Solids, — When iron filings are ^exktlj 
doBtcd over the aurfacc of a vessel of water, a conaiderable body of 
iron duflt may he accumidnteii u|h>d the sutfaee. until at length it 
frXU in large flakes, carr>ing dowu with it bubbles of nir of con- 
»derahle Biae. Th(^ hdhc^ion of th<«fi bubbles eauHcd tlie ]>4irtido» 
of iron to float, for ^itcli pnrttelrn are nrarly eight time* tw bt'avy 
&A water. Contracted uiUi iIua r^ult ici the eflect of du^Htuig mj^c- 
nasia in fine powder over the aurface of water; the particle* 
although not one third of Uie density of the iron^ immediate^ 
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become moirtcnctl and «itik. In comequeiico of iha& iu]1u*ak>n of 

air to UiiAr nurbce, mmtxy Miudl iusccU aro ciiiktil^Hl to okiiu ]i;?hlly 

over tlir turfiu.'c of VAtcr, niiich does not vet th^ii. ITa ttUp of 

olettti platiiiuni be pUced io Eiiercviy^ it ift fouikd on witSidnwiu^ 

it to ooliM otit iWx, but if the mpTmnr hp IntiW on tlie plntiiium, 

fcho film of air wliioh Reparatol thr tvrn mctaU ta e\]>cll^1, and Ike 

ncriMiTy iriU he found to ha\Mt vHtcd tlir mir^icc completely. It 

£« Hob fldbc«Loii of air to tliu vurTiu'c of §:1mk« vrliich renders it 

xjccc«sary, in making barotuctt^nt, to \ml iht; mcrtury in the tubes 

nAcr tlwjy have hwn fillccL "i order completely to ei\M'i the film of 

with vhich the tube im lineil. But the mmt ^trikirja: iiutaiiec« 

i4hcnon between gWMfft aad ^lida ore cxliibitetl ^vheii finely 

diTiited bctdiiit are made tbe subject of e:Kperiment. We have 

olreoity lijul occuaion to notion the cffoct of charcoal when intro- 

duoed into aolutiona (52). Ita elfccts on ^ai^en arc c-qtuiUy nanark- 

able. If a piece of well burnt SiOK-wood dmrcoal be plimged whilst 

red hot under mcrcuryiaml iiitro(hi(Hnl without esposrurc to the air 

into a ju- uf amuiouia or of hydroi'tihiric iicid, it vrUI nfiMorb thc«c 

ptam xritli great mjuditr, antl will indeed reduce ihe\n into a bidk 

less than that wbicli tliev would occapy in the UqEiid form. A 

piece of firoahly burned charcoal when eiposcd to the air rapiilly 

condctuefl moiflture vitUia its pores, and bas 1}oen observed to 

increase in wei^^ht ^m this cauxc n^-urly one-fifth, in a few dayB, 

Owing to this property of cbaixx^al, water «atiu*ntcd with many 
gnaw* mar be fin?ed from tbc^ni nhi?o filti^iX'^d through a body of 
iroxy block ; ffulpliurcttcil Uyilnj(,'t;ii may thtw W remijvcd wj ooin* 
filetidy, tliat it ciutiiot (m; itctt-i-teil i-^tlier by ita tijiUAciou« odour, or 
liy the ordinary toitn. Saujwure found that frcnlity burticd 
boX'Wood clkarcoal absorbed dillcrviit ^^aoi^ ui very different pro- 
portions, as will he »ecn lU the foUowin;; tabtdur view of hia 
remiltA, where tho btdk of the ebarooal uaod in each ex|«riiQent ta 
t^en aa i. 

Atfscrption of Gases ly Vharcoat, 



Ammonia . . , , 90 
Hydmchlonc Acid . . 85 
Sulpharoiu Acid . . 65 
Sidphurettoil Ifytlro@:ca 55 
Prcitoiide of Nitrogen , 40 
Curbouic Acid • - . 35 



Biearlmrptt(>d Hydrogen 35 

CftHwjnie Oxide . . , 9*4 

Oiiygen 9*3 

Niiroxen . . • . y% 

C/ar1)un>tted Hydrogfu , _j'o 

H>droi:eii - , . , 1*7 



It will be &oen that these rr^ulu K^llow am order almost eiactly 
the same as that of the wluhility uf the gaaca iii water (6 r). 
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Charroal wliieh U satumted with one ga«, if piit into » HiflWr^t 
g» girra tip » portion of tl^At which it hiwl fint nltAnrU^. 
takes in iU place & (quantity nf tl^c i^^oiah Findy di^-iflrd 
metiillic ptatiuum also coudcnKs in its ixnrrs a large quantity oS 
Duuiy giu^csj amouutint: in the com; of cxy^n to vcrjr many 
tine* ito own Tt}lum€. If u jist of liyilrugcii ga^ l)e allowed to &11 
in the open air upon « b«Il of iilutiimm in a fine ataie of suh*^ 
division the metal Ijecomis* inrnn<k'A(.-ciit ; the oxyRcu and brdinfreii 
rapidly combine willnii this |A>reH of Uie metal, and the h€»t ^vea 
out iiBuaU V seta tire to the jet of hydro^ii : ether aiul akobal wliea 
dropped upon piathum blacky nnotlier suU more finely divided fonn 
of tlic metalj prtMluce a similar appcai'ancc of uiGmBdosci.'Uc^;. llna 
property «f platinum is turned to lurouunt in effecting muiy 
portaiit chemical clianfrcfi. 

(63) De$iccaiion 0/ Gattfg, — It frcqnc-ntly hupjxms that in 
eoune of \ii» o\>:n%i\oti^, the clioniKt reqnircv the gmj(e» which arc 
the BubjectA of hJM rx|H"nnieiit» to l>e in a |>erfectly dn- vtaJe. 
They arc u&mUly pi-t^tuj'til in contact nitb vater, and heiu.'e l^eeono 

chained with a 
Fn>, 31, tariahlc qiumtigr 

of aqueoua Ta- 
pour.aDdwbetiiear 
be wi>hc« to av* 
certain tlicir «|ic* 
dfic gruYily, or 
to Huhmit other 
bodiM to tlicir 
chemical infla- 
eiioe, it bcoomofk 
noeeaaary to n- 
JOtm tbia ttOistnre comiilctely. For thivi purpose, tbc |«o-4 
perty of adhedon which wo are now considering ia tumfd 
account. Tlie ^aji to be dned, which we will itiippo*^ to be 
the act of formation \n the gl*^ bottle a, fi^. 31, i« allowed to 
pass slowly throujcb a lou^ tube, u. fdlcd wiih fragments of (used 
poUuh, or of chloride of calcium, or of quidtlime, or of pumkc 
atone moi*teiiwl with oil of viuiol, nceonlin^ to the nature of the 




gaa. Tl»e gas will thus be in a dry state when it reaches tlie bulb p, 
which may connun the substance iii>ou which its artioa ia I0 In 
exerted; since all thew Ijodics po»sc«a the property of adbeiii^ 
strongly to water and lupu-ous vapour, and if allowed a aufficinit 
length of time, will completely remorc every trace of moisture bom 
tbc gasca which are brought into contact with them. 
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A» thv difKcTfiit parts of the ftpparatua >re coonectod hy Reiihte 
tuhcv off'iunitrhi^ac, c (\ «iiffii*init fVc^oni of motion w allows*! to 
lba!<«part«inbicii ttltcr their [Kx^t ion in iho progress of dt^opemiioiL 

D^usioH it/ Gages., 

The process of intonuiituii- in gun** Bitd the motioa of tho«e 
bodies* bare bvcn more coiu|)letcl^ iuvi^^i^ttcd tlinn the corres- 
poadiiv prooenws in SuJcLi. The UMvciii<mt9 of giucs ms,y }yc con- 
Mderod tuufter four beads. 

1. DifftifioMj or tine iatermiituro of cue f^ vritb Another. 

3. Effusion, or the escape of a gas through a mutate ^erture 
in a tliiQ ^latc intu a vacuum, 

3. TrtmspiratuMi, or the pa«i«f^ of different gasc?s tlirougb 
long cnpilluy tuljen into a rarefied atmCHtphrrc 

^ £futosm&sis, or the iia&Ha^ ol gase-A through diaphrogniA. 

(64) ViffkWH qf Ge/ies, — la coiisexjuciicc uf the xilieti^icc of 
cohesion aiiKiiifr the particliw of which pases aud vajwur^ eoiiaiict, 
mixttire takes place aoion^ tlicsc bodies veri' frcclT, aiul iu all pro- 
portion*. Very gnrat diffi^rcuccs iJi dcmity oe^-oir utnoiig^t the gnscs, 
Cliluriur b, iur ituttancVt 56 times a:* heavy nji hydroj^m, tin? Iight<»t 
of the gOAesi, 31U that tliMV in uenrly llirt-e ttiao a» greait a tlillV-rcmv 
betwtt^tj tliL" relative imif hu of IUl'm^ two xuacv, jui h«wce» lhos(" nf 
mercury aud waicr. But tJic iuui^Ujiii; topcthcr of [^jjH.>utid Injdira 
of difTcirat dciiaitics pmduocs a very diiretx^ut re&ult iWtm the 
inuif.'lii>i^ loj^xfher of two fluids, such as* mer- 
cury and water; for ifthccc li^iiiiU W miKetl 
by agitation^ they »c|)amte tlu: uutaiit tho 
afptiitioii ifl dUeuntiaiu^. Chlorine and hy- 
drO|fi*ii, tin the other hand, nh^ii oiiee 
mued, never %&^anite, hMrerer long they may 
ranaiii at rest- Indeed, if the gasis 1» 
placed in nro distaut tcsscIs and be allowed 
to eommunicatconlyhy Diean^ofaloug tuhr, 
the hy thtiiccii or light<t«t zoit txii^r pla^-i^d n\t- 
pcnaoait,aM teptvstented in fif^. 52, tlieht^vier 
eUorine will, iji the courae of a few bom's, 
&11) it« nay iikto the upper jar^ as may he 
seen by its green oolour, whiUt the hydrogen 
will pMi dovnvards into tlic lower out*, uhI 
nltimalely the gaieit wtll be etjiudl^' inttT- 
mixflsl ihmugliout Indeed, if a ButHdent 
inteml of time be allowed, thLs eqaal iniaN 
mixture occuTB with aK ga!Ks and vai>oun 
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vhicli do not ftct clictniciLlly upon enck aihtt} And vbeii once 
Much a mixture huat btvu i>fiWlvd il cvuitmu«» pemaanent ind 
tuiifiirm. Thi- r»|iutity with iiliith i\\i» J^ffuMtm OCeufS, nurieft 
vitli th^ «|>e(!ific jcmrtty of the (ni^us; ^od cnutrary to xvhst 
fiapcrlkial €ah&i<lerat»on lui^bt lead us to fl«|>j)oep, tbc iDca«^ 
viflely the two gases diScr iu d«usity, tlic n^orc rapid is the 
provccs of intcnnktiLTiD. If two tall nurrow jnra of cqiuJ dia- 
meti^r l>c nlH>\tt ImU ^Uo), the on<* wjtli hydrogen, t1^<' other 
nhh conimuTi uir, nhlcli is men? thaii foiirtcCD tirni?* ru< henry 
aa ttie hydro^ceu, ao that the water m Ixjth ahnll »tatjd at the 
same levels and a small quaatity of ether lie thrown up into 
cadi jar, the clhcr will e^ajioratc in botli, and caiiAC in eai*rl>, iilti- 
mat<dy. aa equal dcprcssiou, but tht' TApour of the ether will dilate 
tiie hyrlmgTEt at ^t much wore- rapidly tlian tbc air, for ita 

vapour will bccomv more quicUy 
diffused throiigh t\ie li^hUT hy- 
drogen. A very Kimplv and i^trik- 
ing illustration of clie rapidity 
^ith w1ii<^ti a li^hi ^ai^ diifUBM 
into a beamier one> is tliown as foU 
lows. Take a cube tim or twelve 
inchcfl loiip, one end of which is 
clcActl with a poiuu* plug of 
plwitcr of Paria that )in» hccD 
allowed to tw^omc dry. and fill it 
with hydrogcu git*, ivithout ymt- 
tinjie the jHiKiim pliiji; : thi« ia 
rLMLdily t'ffi*L't«<l by iiitn>diicing iho 
Hhortt-T liibb of an iut^vrted sy- 
phon, $, into llie jar 6, fig. 3^, till it rcaohea the top, and then 
lowering tlip jar in a dwrp vrwpl of water, a ; *hm the air Ljia 
escaped, the open limb of the nyphon w elosed with the finger, and 
titc jar raised tintil the ayphour^m iH^c^oin^mirntly wilhrlrnwn: the 
jar can now Ix* filled with hydrogen prepared in a rclort in the 
U9Ua] nmiiner. If the jar l>e now Ktip|Ktrt<Hl vo that tbr wnU-r 
vithin ami without bUhU stand at tlic *ame level, tlie trater in llie 
jar will ininu'diati'ly Ij^-iiiii to rise, and nill eontinuc to do ao in oppo- 
ailiou li> gravity, uiild, in the cyurwr of three or four minutes, it will 
atand some inches higher than tlic vniHace of the fluid in tixc outer 
TOw<iI, in conw^iueTiec of the hydrogen [la-Hsiii^r out tbmiiph tlu' 
of the HliaT^>, and ditfuiiuig it^lf into ilie air rnneh nw)rv ni|rtii 
than tlie air |)a.*o«« In and ditfuaefi itself throu^li tlic hydrogeiu 
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Any dfy porous nih«tAnrt> nuv W »iilKttitiitfd for tixe jiAMsttr: 
n frlm at r<i11iwlinti f>n [^\ic^i ii» I'rofba^r Gnduun kas wloirmcd mr, 

lly iiieau» of iliis aimiile ilifltiMOD tube, takiuf cmrt to mAin*- 
taiii the aiLrfa>(*e of tlie voter within and vitliout the jar on the 
aame Ic^el a^ ftbowa at b, in order tluat ttio rrsultfi may uot hr 
iatcffcrcd with liy the disturbing force of grariir. ProfccMv 
Onhmm has dct<?niiiti<^ tho Law ifhidi rebate* tlic mpiditr of 
gMTOu* ihffmioti. ExjKTimeiitst »o nud<: »how tbat thr dilfuMiv- 
ncAH of a gnA n in tlu! invtmH- jirujiurtiati of tite irquare root of 
its lieimtj, Tbiuft tlie d^iLtitj of mr heiag i^ tlie Miiiore root of 
that deofiitv 15 1, mui ita dilhisiTieDew ia altto i; tht* iteiiHity of 
bydro^n U co^^a^ the square root of tliat densitT a 0-26^1, ami 
its dittusiTeticfls jjtJji = 379^; ^^ ^ actiuJ csperimciil shovrs» 
3*83; tbat is to Kity, in An expennaciit coiiduct«*(l with doc pre* 
ciutioiu, wluUt 1 mentfurc of mr in \au>B^n\g into the tlilTiUiion tube, 
j8j ULTimin^ of liydrop:^!! are paxHing out of it. 

In the eaae vrliere different gaae* uv iniitetl and then iiitnKlucMl 
Into the diff\isioa tube, each prcKervo the rate of diiriiHion |>ceuliar 
to it»e]r Iff for iuAtance, hydru^eii and carbonic add liv miAtd 
ami plaeul ui the diOuxiou tidii', tUo li^di-ugco imanca out itUU much 
f^rvatrT mpidlty ihaii the eurbuuic ncid; a partial mcichAimal M'^a* 
raciun of tvro ^juk* diflcnng in dcnjiity may thuji be cSoc^toJ. 

Sinoc nil ptM^ cxjHUid equally (128) by the action of i^tia] 
adiditioQ* of hc^ut, tlieir relative? doiAitie* arc prc9^rvr<], niid 
the rebktive vt-kioittcs cf dlifuttiou tm therefonr prcsm^ nUoj 
«bat«T«r th« temperature, provided thai loth (ram be heated 
rqniily. The rat^ of dillVHioii of eipiul vohimed of clitTerent ^ii*»e« 
hpconiftt, aa we niif^ht espert. Bwek'niled b}' a rise of t«^!ii|)et^tnn.' ; 
for hy hrat all giiflca are rendered s^wcificaDy lighter; but the ntte 
oTdtJAuiuu does tiot increase eo rapiflly n^ tlic direct cxi^nnsion of 
fiiaea by heat. Consequently the «auie ahsohiti' weight of any 
Ru will he difftuKed more rapidly at a low than a liixh teni]H:Tature, 

The proceaA of difriisioti in one whit^h ia (?ontinual1y iterfonninir 
an iin|K>rtatit |)art in the &tinofi(jhere aix^nd ua, Aei^umulfitiona 
of gaacs^ irbich are un6t for the support of animal and vegetable 
lifo, arc t>y its means silently and s(>ectlily ilisperfed, and thia 
proceM theirhy eontrilnit*^« l^ir^ly to maintain that uinf*nTnity in 
tJie coni|>o»iitioQ of the at^rial oveviii yihkli b so e«t»etmid to tlio 
comfort and healtli of the animal creatiou. lleApiratiim itself, hnt 
lor the |)roce«8 of difliwion, would fail of its apitointecl etid, in 
rapidlT reticiring to the lunge a fresh supplr of air in place of tliat 
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vljich has 1>cen n*iul<-rrr1 tiiifit for U>e Aupport of life bj 
cUomK^l chnn^^Tft wliic^li it htu* tiiulr'rgioiiie, 

Tiio foUo«-ii4£ table gives the aiiecific grarity of scvcial 
important g&»eH> tlie »qtuur loot of the dmsit>\ ihv rtdprocvl of 
th»t *(pmre root, or calculated diffafiivcn€«s of ibc g», wid tlie 
actiiiil iiuEubcra oltaincU by cxpcrimnit.— iGmhuti, Pkii. Jtf«jr*p 
i833,\x>LiLp.i75.) 

Dfff\unim ftnd Effkutiojt of Cojwu. 



I 



0«u 

II>ilrMeii 

Li^lit Cbtlid. Hydnigca . 

Stfvm 

Cnrlioiiic Oxide .... 
riilrtpprti ...... 

OIciiADt Gu 

Uioaddi^orNitrojcii < . 
Oivjcm ...... 

An^ltiiNltod Hjrdrog^n . 
Protonde of Nilrogvn > 
Cftrbuuii* AM . . . . 

8u]])biirauA Acid . , , 



D^iuiif- -/rj-irtiif- -/x^^uLt, 



006936 
0*9673 

o-^>:s 
11056 

yU7 



07JT5 
o;7S96 

oy«fi6 
op88Q 
roif)6 

lopu 
I 4991 
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V)>anL}. 


3"7994 


3:«3 


3'^t3 


'M 


'■344 


"^ 1 


I'on^s 


1-0149 


i'0ia3 ' 


10147 


I'OUJ 


I'Ol^ 


1 01 13 


I'oigi 


I'OIJA 


o-9»o8 






o^ggio 


0-94^7 


o-W;o 


o'Booi 
0809; 


0^ 

0'9j 


0834 
o-9ai 


0-6671 
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(65) MJftisiun. — Tlje uumbcm in ihv l*i»t (xrlumu i)f the Ijtblc 
lieadeJ ' llalc of KITuhou,' iire ex|>cnnieuUi rnmlte obtAiu«d by 
Frof»»or Gnkliftm [Phil. Truns., 1S46, y. 374) ^^\KA^ tlic ntptdity 
%vith irlkirh the ditfcmit gnM^i* CM^^kc iitlo a vaicuufn llin>iifli ft 
mitjutc aprrtiirc, nbout ^J^ of an inch in diameter, pcrfomtcd cithrf 
in a tliin iiheGt of mrtnl or in gloMi. It ia crtdont thnt tlicjr cmri- 
ctde, withLu tht* UinU« of Ihc *^rpor* fjf i^xpcrimcnt, wr,h thr rtbi- 
tire rati^i of rU^uiaoii of eucli ^tbw ; (ind tlwt l]«» tt-lociik'* 
vitli vluoJi ditleivnt s^aeA ]>esH through tlie ftame Bniatl »|i«friTrre 
into n vacuum, an.« inversely as the Afpinn> i-ootA of t\\e. deii^ilie^ of 
the g:&#cs. ThtT lightest gas enters ihe iiioflt rapiilly. Change in 
the dcnriity of the gas has but tittle inHucnec on the r%\e of elfti- 
nou, the volume effiiKed in a giim time Ixin^ noAHy untTonn. 
The ume lair ia Ibiuid to bold good ulw with bqituls, when poiMiiit 
thrco^li nu fijierture in & very tJiin pliUe. 

(rt^l Tranfjrirtitiort t^f Gasen, — In pajuting; throim;h fiur tulieSi i 
very different lesult isobtflined, caircftpo riding nith the effect already 
deseribL^ in tbce&scof liquirU. (Graham, /*Ai7. 7Vfl7W., 1846, p- 591 ; 
ind 1849, p. 349 ) In proeLTittifJ!^ a »rrjcs of exix-riiucnle on gwe* 
anfL Mi[iouT«, amdojfou^ to tbnw wlrt-wly refeire*! to iqwrn liqinds 
by >1. ?oismlle (60), I'rofe^aor Gr^mm hk>1] found tliat tlie nic of 
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offlux for eadi [;m, or tfa« vdocitv of trantpirvtha (as lie terms 
tMs pttsaaf^c of giiH |]iniu;;li luii^' i-npiltarr IuIwt) is» Cllrinrly indcs 
|XTwlcnt of ita i^c oi iliS'iiiiiou, Lu tbe }icHbrnuuiirc of thcK* cxpiv 
rimr»i» tUc gM \t»a jiUicci) ovrr w*ler, iu a privIuAbsi j*r, a fig, 34, 
Mj «me|in»iio(l that tbc fluid in tbcjurooil in the l)AtltcouM Ik ttmIlIjt 




fkcpt mt the larae leTd. The ^ was dned, by paAUn^ it lltiuii^h 
t tiiW tl> filled witli chli>ri(1c of cAlcium, and then aUotivil to cmcr 
tbroogfi & long fine ciipilUry tube, v, into tlic t-xtutuKtc^ rccvirt-r 
D| of tbe Air-|nu]ip, iviiioli wus vomvtiiuc* kvjit viuruoii* by con- 
tiuUied piunpiiig ; itt otiicre, the ntAte uf thr i^xhaiintbn hob a»ccr- 
taiivtnl, nt intunolH, by iucaiv» of tltu ^ui4;i-, <i. In all rjLat's, ibc 
qiiAndti«A of gaa that vutcrcd in a given ttznc were carcirullj- 
obflcrvrd. 

Tile IbUowitig; nre tbc most iiuportuut cooolu^ioua <lMlac(l>lc 
from Hw nsscarch^ liitherto niitflo oti thU 8ijhj«>ct. Ic \» neeovmry, 
in order to <n"CPC«Mnp the iiiflin?T»cc of cffnftioii.niifl to fiimiaU iiuilbnn 
re0ult8f to «mplny n Gcrtiim loiigtli of ttttu', nliitrh imrrvfl^s witb 
tltc! diftroctor, luul U iiot uuiromily tlir- «iuiir for nil giuvft. If dibt 
prrvantioti \ni oTicHrrvi^l, it n]]|imr«, whi^ii tlu? giis4*«i floir t1m>ug)i 
cajiillury lub» into a \iicimm — 

I, lliat the rat^ of tmuH|Linktiou for tlie ftame gns incre^m, f<«- 
/m*/wriAtt*, directly as ilic pressure; in other word^, equal rohuues 
of air, at different dcnmUGs, require timet inTcreely proportiom-d to 
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t^e ^-iHitiir«. For cii&iiipLo^ n pint of nir of dou1>te the ilcn«it^ 
tlic alTMot(t)hi?'re will pn** lIiroH^h iKc onpillart- tuhe iiit*> the 
vuctnini in h^lf tUc linu" tliAt wnuM be rrqiiiri'd for Air of itx nntti- 
rfl] density- Tliiit U it virv nMnnrlcAlittr rrKiilt, uid sttamp* tlie 
prof^psa ot ti^nspinit.ion with li chiinurtrr qiiil(> imlJkt^ tli»t of 
ilitTiiAum (^r rlTiiiioTi. i. TImt with tulwr* of «iii;il dismet^^r, the 
voliimt^ tm]is[)ire<l iu equal tiineft itt inverfieJy as the leiifi:tb of the 
tuljc: if ^\o cubic inrhe^ were transpired throuijli a tube lo feet 
lou^r, in five minutes, a similar tulw* 20 feci 111 lenpth, would only 
allow ihc passage of 15 ctibic inches in the same time, 3, Tliat 
a» the tcmpcmtiire ri»L^,the trnii^piratiouof cquRl volumes becotneit 
wlon-cr, 4. That wIirtluT tlic tulx":* iicrc of ct^pjjcr or of glaas, ^^ ^ 
tthotluT a [>oroii^ Tua^iK of s^lucco vrcre \u^\j tlie ^uune uniformity in^| 
ike result* wn» olitaitKnl. By oon)|wnii}f together diflcrral ffa«^^^ 
under similar diTunifttauoeit, ihe rate of traaspiration, or rapidity n 
of pweo^e into u vanmm thimi^h a capillary tube, was tbuitd t«^H 
vary with the chemical nature of the gas. These velocities of rfif-^^ 
fcrenl gaMrn l)CJir a constant rclatioD to each other, t<rtally itnit- 
peuclent of tlieir fleuAitics, or indeed of any otiKT known prope-rty 
of the gv^stn. Profi?wor Cirahnni coufcidt-n* at pn'sjcnl, that it ifl moat 
probable that the rate of tnoi>pinuiim Ik the res^tihaat of a kind of 
rlu«tirity dependinfi; U[K>u Ull; ul^ntohitc <|iianiity nf heat, latent as neil 
as ecoinible, whic^h difTerent jfiutea t^oulaiu under th<: same voJuiiic, 
and tht^relbrc itiat it «tll he fuuiii! tu 1k-^ (uiiLtectL-i) more irnmc* 
diattf^ly with the «pocific heat ibau withan^ othir property of gA9C». 

jyan^rabiUtt/ of Gtuca. 
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TrMiipiralioa of 



Truq>lnitli». 



*>3Cyg«l 

Air 

(l^itro^ , 

f Buioxide nrNltXQg^a . . , 
\ Carbonif Qxjde , . , . . 
(Proloiido or Nitrogen . , 
<njdro*'}ibrtv Add . , . 

( CarKfinic Arid 

Udodiin » , 

Sulphurous Add . . . . . 
Bulnhtirvtt^ Uvdrewm . , 
lijlht Cu'buTetted HydroKcn 
ABtmonia 

aUTJOgen ,...,,, 
^llllatGu 

fiydrogm 



I OQDD 
09030 

o*7<J4 
07453 

o!^ 
0^(1500 

01370 



I(Oj4 

ri4t 

I >44 

1361 
■'AI4 
t'980 
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Of uD llio fpuc« tried, o?cy;-i^n biu the «lowc«t rate of tmtwpi- 
ntion ; jiw} bciice ihikt ^oa may be ooaiT«nieutly takcii os thr stun- 
lUrri of coinfnruoji for the other gaftea, aa haa bccu cIutk? iu tlut 
pnvpdiiig l4ible, whicli shovs the relAtiri? tLinefl in wbidh eqiud 
vnliimrA nf thf rfifTerent pwp** upp trwispireid: their relative vclo- 
Cititvt are of course invprwrly «* ihp timrs. 

A raixciirc com^ii^ting nf i<<|iia] volitmcs of two gasea irkicli 
diflcr in thnr nitn« of inuiHpmtJOTi, jIoch not nlwuy^ exhibit a 
crauapirability which i» tlie nicaii of that of the tnu ghi^t when 
K|«rate. 'Die transpintuMi-timfi of hydn^c^n ia frtvatl}' prolonged 
by admUture with oxygen; equal voluniefi of these two ca«e9 had 
A mtc uf o'90otf instead of 072, which would be the mean of tho 
tiro. 

In tlic following table ^ tntupirability of some VEpourft li 
jpven. TIh^^**? n^ults, hoacvcr, from the nt'ttwwty of experiment* 
if]^ u|KKi the bodifsi in a slat« of mixtun* with rtome jjcrmuicot 
gaf, hAvc iiot bilberto been detenuiited with a predmoo equal to 
Utat attamed io the gaaea above enuntcnted. 



(Tvnt* miuLTvd for iV)iiJi] volumm.) 



Oxygen , . , 
Broiuiiie (about) 
Sulphuric Acid. "> 
'Anhydiuusi . y 
Biftulphidc of Carbon o'6i 95 



10000 
t-0000 

0000 



Chloride of Afi^thyl 
Chlonde of Etbyl 
Oiidc of Methyl . 
Ilytlrocyanic Acid 
Ether . . , , 



o'S4?S 

0-4988 

0-4826 

0460 

0'44 



Sume very Aim^ilv; relBtionit in tlw tnuiflpimtjiUty nf v^virtrfd uf 
the forcpjin^ puvca maj^ tic olK>cn-cd. 

I. That c'quol uvi^/itt of oxygen, uitnjgcn, air, and curbonio 
OJtide are tnLnapirt'd in cqttol timca. 

a, That tliQ velocitice of nitrogen, binoxido of uitrogonj and 
CArbomc oxide aiv e<jtial. 

3. That the ^elooitiee of hydrochloric acid, of carbonic stcid, and 
orpTint<wide of nitro^n arc i-qnal, 

4. Thai the TClooity of hydrogen t* douMo that of nitro^n, 
of carbonic oxide, and of hinoxidr of iiitrt»jjci*n, 

5. That ihcr velocities of cldorinc ami i»f oxysr^-ti *re m 3 : i. 

6. That tlic vclocttieft of hydrtJKtn and of li^fhi oarbtirelled 
hy<ln^n iLre aa j : 4, 

7. That rl<*fL:int pi», cy^nn^xi, and ammoiua have each 
nearly double the velocity of ostyKfu- 

That the traiuipiratioti'timc of hydrogen is the wmc a« ttiat of 
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of uitrogcn^ aad of cauUmic oiidc arc likeviae in direct proporttoti 
to their dcositiGi ; but these eci^in to be codcuitctiiccs rather 



tlttf rfkpour nf ct^icr, nud that of ■olphun-ttctl hyitrogen is tliB trnm^ 
ii« the triiiu(|iimtmii of thn vupcmr of lnfiil|)b)Llc of cnrbcMu 

CuHioiur Qiidi' mill uitro^n harr tho ?i»iiiii> deiuutT and tlie 
«iun« rate of traiiApiraticin ; An hxve carlmnU^ add aiu) protoitide of 
uitro^EL. The rates of tmiid}iirntioii of atnuiaphcrio air, of os^gcn, 

gtion I 
tliaa^l 
iifiCenAry «oii«equcncc9, lua iio rt^ulur coiincxiooi with the deiiaties^^ 
o( thi; goM CAP be traced. 

($7] Patiape cf Gaaes ihrot*f;k Diaphra^mM. — Aft in the civic 
of the dilf^iaion of liquid^ in which the r«»ult9 are often modified 
bj Uic eiuph^ymcut of a diap1im;pD, and the introduction of tlM 
disturhing force of adhesion to the material of which it comists, so 
it i» ftlflo ill rrspect to giwes. This distiirhfuicc of the law of diflii* 
aoQ is CKpi'^-i.tlly seen in the cjutf of laoluhlc grt«c:c, wlicu tlie 
diaphragm i* moixt If nmoi^t thin hludder, or a mhhit'M vtoniadi, 
be diftt^nided with Air, and su»])eiide(l in a jar of carbonic acid gaN^ 
tlie carbonic acid Ixnng soluble in the water nith which ttie mem- 
brajte \k moistened, ts conveyed by adhesion tbioi^jh it« porea, and 
rapidly paescF inu} the invidr : the air in tlic L&tcrior is bm vpantif^y 
subihlc, and iis tran^nutt^il very «1ouly outwards; the aiHjoiue ockl, 
i*tiiiiH-i|iu-iiily. notwitlinundin^ ita hmcx dilTaMve iJuner, accutnii-> 
InCev WLtbjn, u-iid at h-nglh »fU:ii liiumt^ tlic l)hulih:r. X siimiliiri 
|)h<*nuine»cni, arising from t1k(= luune cause, U cxhibiU:<! on plnciog 
a joT of air, tJiu mouth of which ih covered by \ film of Boa]>3r' 
ii'»lcr> hi a vcB&cl of protoxide of iiitro'^ii. Wfacro the diaphni^nn 
doca not cxort tliia solvent i»owcr, the uaual Ian of diflTiiHircneB* pre- 
vails. Thi4 ia stnkuif-ly 
^^^' ^" cxc[n|Jiti0d by taking i«o 

Kimilar «inaJl j-im. shown 
at \ ami M, fig, 35, n 1i«-iug 
filhul with hj-drogcn, 
with air, utul tyin^ a 1 
of eanutahciuc over the" 
0|ien month of tiaeb, OirXj 
tlieone containing air 1114 
vert a larp' jnr fnH oF hydro^n; leave tlie other csposed in a ja 
of air; in the eourw? of U-n days or a fortnight the caontd>ono 
over the jar filled uith air will have bc<H>inc convex firum tho 
endoaiuoa^ifi of the hyctro|^n; <yvitv the other it will haw bceome 
ODQCavc from xtA exo^nonlTi; the motion of t]ie hydrogen in both 
caaea throagh tliv caoutchouc being more rapid tlian the aimiil- 
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tmtxm^ |usu^ of tlic lir through it in Ute oppo&iut duvctioii. 
CwmloKoiM? ttJM, liovrcvcr, like cliArcoaJ, the pi^^cr of coudciutii^ 
Im^ qiiAntiticA of miaif gM>e» b^ the force of adh^ion. For cX" 
Bcnplc^, it mpidly iib«or4M ttmntneita, prototcide of nitro^cm. mnd vnl- 
pltnrmba acid. Indcvnl it U iir]>ouib1u tn iMopluy luir ttiaplinigm 
kn vrhidi tUiii di«turbtii^ foroe U not in a certiuu dojj^'e olftforvnHlcj 
ev«u witb pLiuter of Pvrv it b appreciable, and ftjif^itly niodilm 
tho Ptp<*riiiK'ritul roMulls of diffusiou : wliere ooiuleiuatiijii ocf*Lira 
in tlkP metotiranf^ to a lar^ atuount, tlM gan in fref|iviit)j tnttuwd 
in )mlk fts mnch &n would be imwtW fi>r itn 1)qn4<Rrnon : it tbm 
eriponito from tbe oppomtc «urf?io(! of the diAphra^ni into the 
oClivr pw, just «jt u very vobititc licpiul vinild do 

The phciioincoA of dilfiiMOii in g^eet wfrre rU-wnl hy fhdton at 
a nec wu y coDftaguc o c e of tbe mdf-rqMdiive proiMTtv of tbe \mt- 
tidcs of iraMMks bodiei. He comidered that each fr>^ idiirnntely 
dUftt4» antil the vholc Hikaco thn>u^b which the diffLiaion occun is 
EiIUh) with an atmosphere of that g^^ of ^ di*ik«ity pro]>ort.io[icid to 
tlir quniititf of liie f^m prt'seat. Obwrvaticm mhow thnt e*ich ^ha 
difftUffs JtM-If tlimitgh a limited «prux* filler] with any otb^r gn», u 
it irould do into a T»:iium, Uie other )^ mdy noting mechuically 
to reuurd the period at which nick utiifontiity of ciiRtiaion it 
atuiocd, 

t^Dfeaaor Gnhftm remark**^ that if thia \iew were true there 
ftboiiM be, conttuTf to exptiricuec, a iiq>rcMiou of trmpcratiire 
when two gases intermix. It does not, however, appear that this ib 
a urcc<J!ary eon«oq(imrc, sinoc the partieh:« of e«ch gas may merely 
|;hdir atnoop^t tho«c of the other kintl, ii» the panid4<« of water do 
arat^DgHt tlKWC of Mind, the wif-repuJpiioii of tlx- imrtidtn vtUI l^njig 
the i>QWtT ifhtcb detvntiii»':« tlu.- pnvcciw of diffiuton. 

The phct>o(»ma of the dilTiiHiiHi nf liquiiU adjrm^ huwcTor, to 1>C 
more easily rccoiieikd with tlw »u|fpoajtioii of a fcebio aupeHicia] 
altraotion betvecn the particlcsa of oni! H<]uid otid tboite of another, 
and the Mippoutloii tluit <m ajudof^ona atlr&c-tion bctwccrii ibo par- 
ticles of ooe gaa and tlioMe of a ga» of diEfcreiit iiaUiro mtKbt snfB. 
eieittlj account for the process of iiLtermixture Ui iho cmc of eliucic 

It is to be roniartced that tn the intermuctiire of giiMX the dif. 
fnsivcT vohinie haq no nece^Hary relation to the ehemiral eijoivalc^nt 
or KUpfHNied aioinir ueigfit of i:he body. The ratim wUi(*h have l)OFn 
olM*r\ed arc d^iicndent upon the relative density of the gam^a^ 
AnnipAix*ii, quite irrcspGctiTC of the combining: proportion, hi 
UijuidA a sirailar want of oumiexion liotwecii the eciut^'uleiiU &ad 
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the difltutive Y<>lumc id obt»cr(e<l i the n?4ntioD in tlm Cftse ia a 
nuJttpIo of till* uWiluto ^'i^{-li( diffut^J, 

('58) Separaii&jt vj Bodi^ by CoiH or He^t, — It ofton h^ppnui, ^i 
vWrp nrlhmiou has pToCf^edcd 4o far sa to prodiK^ iht\ mliitifm *>t^| 
A wtliel in n liqiiKl, a« m t)ir osvv^ jnnt (^niisldM-fYl, iKnt 1)ir rhrmiitl 
liiiA oomjtion to iWtroy tTii« lullir^ion, nnii U> ohtiutt ntir or IhjUi 
»abMuiC4^ in n MTpantc farm, Tliii^ x-]mmtioii u getirmlly effected 
vJth the aiti of liviit. l^prcMHion of U'miH-mtcire irlll Kiiuctimea 
caufl« the cofif^ioiL of the partblev of thi^ aaVtd to luvjuire xhe 
osxtidcncy over the force of adhesion. When, for example, bnmdy 
tB eipoficd to intense cold, many de^rreca below that nucessaiy to 
frccicc v&tcr^ the spirituous portion retains its liquid fumi and icpft- 
mUs^ &om the a^ucouft port, whidi «olidific» as ice. An tustanoe 
of this w>rt ocTiinf in nattire on a nut n^d, in the pure frcfth<* 
water i<v vliirh 'i» fumicii over thouciandu of Kt^iiore milcH of Ocean 
routid Liie noTCheru ta\i\ tlie Mjatheni poles. Indeed ualer, in the 
act of frceaiu^, separated completpJy from everrthing vhich it prc- 
riomly held in goluiioii. It is owinj;; to the aepamt>oa of mr 
pnmouslT diiaotrcd in the watET, th&t ice so often pif«cnta a 
hicbhy, hotiejeomb appc&raucc, Famday has ehomi that, eren on 
m nniall »ridc, this complete feparatioa of foreign mattern fh»ni 
water may \n; e^ui^ilv effected Uy the j>roei"w of fn.'exing- If atd- 
phurii: auridj or a sitroiig nohition uf indigo, or one of rniiiniutt ealt, 
Im! tuijied with i^ or luc tiints it!< hulk uf watt-r, and thia mijiturt} 
he placed iu a tutic xboiit an tuclx lu diaiiLelcr, ztiiil iuttiierbed iu a 
frccuuf; niixiwre {i^>Ji), at the annic timt that the M:|jnnktiou of 
tlie fcirci|;ii mutter la lEiot-'huuically facilitated hv stirntif^ the Liqun) 
round Mid round briskly mid coustajitlv with a feather, the »idcB 
of the tul>c will, in a fon inintLte«, ho tii>o<1 with a ooat of traiLspcw 
rent rhenucndy pure iee, all the foreign matters hanng occtiiuu- 
hited in the c«niiral portion, whit^h «till romaina liquiiL 

In like manner, ganc^ mtty h<- in great nien«urr frrt^} from eon* 
deiiaible mpafirc hy eicpcising tlie.m to a vf.ry low ternp**nit«fOi. 
Air satnratwi with fn<uMtiir<* nmy Iw renrlcK*il nearly dry hy enusung 
it to tnkrcTJte a long tube, axded do^u by immrmion in a rnixttird. 
of ice and salt. 

Elevation of temgierature ift jttill more often re^irCed to for tiki 
reparation of bodies ijt fkolution : when, for iiutaucc, common aali 
n draolred in water, by exposing: the aolution to heat, the repid 
«ive power of tills a^^t overcoraoa the eohcaicm of the water as 
well as itH ui)Iie-»ioii to tlie salt; it nssiimes the oerifbnn state, 
off ill »tnun^ aud leaver the salt lx.'hiud la the solid st^ttc. 
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This jtntccm w tcnnod ^^p&ruiioH. It proceed* rapiilly in aliftltaw, 
cpcn v€aBcJ«, Hk which ckac the lu|iiUI cs^cftpr^ ii^tu tlic air. If it 
be noo c a nm y to |nrc*orTo lh« «ok<^nt, tlio operation 14 conduced iu 
a clwd \-cud, ftoeh as a n?tQrt, ftncl conn««t(d inth & nuittble 
ccmcletunn^ nppnrAtun, vo as to i^t*c1 a dtufUffftioM n( the litjnid. 
Tlw same pniecwt miiT he nppiieicl tn *-ff«-t a pnrlud winrnti**:! fif 
liquids of difforerit doRreft* of rolitility, mnt\ icpirit ofwioe ia Ihu* 
Jiwn or leaa ppriMrdy ftejiarated fKMO vfater 
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5 IV, CarSTALLIZATION, 

(69) It mi^hc he aQticipatcd that wlien cobcsjon a)owl,r recororf 
tta ascendency, thL^ force woidd c\crt itself i}imu;:li(>iU the iaaa» 
equally in all din^ion^, and that :% gMyn\^T cx>ucrctiou vould 
rrsilt, A* wlicti oil H0pnnit4)» frozix nii:(tur€ vith dilute spirrt <^ a 
8|ic«-ific pmvity pnvis^ly ft{tut\ to it^ own. Tlit; (net, howc^x% !;< 
quite otiierwbc, for a^ a general rule cohtston itt not exerted 
cquaUy in alt direction* in Bolida. In the TBBJorit^ of iiifttancot, 
where Bolid bcwhc^ arc alloivcd alovrly to ecpdratc fW>m their aola- 
ttoue, they :urc found to assume n^alar geomfrtnc^il forms. J*3ach 
itiT»«tai»cc has it« ovm |>cculiar fcrm. £>ucl] rc^Jar goometriciU 
BOhrU are tenr.<*<l cryttats. 

Ry ilwM' dillVrviwiH in form, the mawninli* whieh comlitiue the 
CTTatalliied tnajiA4« may often be dintivi^lsthed from cacli other. 
For e\aivipte, cotnaKin salt crjatullbcra in ouhe>i, alum in octo- 
hc-dra, ealcpetre or nitre in uu-Tiiiled pn^mH, EjMutu aaJu in four- 
sided iiTLamH, and so uii. The inuiv nluwly mid rtigtilarly tin: 
proecw u al1oir«.'d to prooe>cd, the lar^r and more re^idar are thn 
cTTvlalfl. l^c ustial method of obtaiuing crystaU is to fbrm a atrojif- 
mdutiori of ihc uilt in tiot vr»itcr, m mo^i bodic» di^Aoh^e iti iruter 
more fpcvly when it in at an cli^vatod temperature than when 
coM, An i\w. lii^nid cools, thr et^hnnion of tlic wilt resiimfw it«» 
atfoendency, and the erjatnLi «hoot thmu^h the- liqnid ; in this vay 
eryvtala of idtn* an* <*ajnly proenred. It in not neor-juary, hnvnT4*r, 
thai the Iiqti«>6i<*tinn Khonld m nil euces taVe jilaiv Ihnuigh th<^ 
nttenrention of :m imiiflerent lirgtiid aurh ua wnteir. Meni fiudmi 
of the siihfitaiice, followed hy alow eoolint; iko aa to allow it frwdy 
to ob«y tho molecular attraction, ia in many iiiatanccA sufHniMit to 
pflDdurc cn-fital*. If 8 or 10 lb, of aiUphur or of bismuth be 
Utfttd in a cmcible, and. fiAer it has cooled suDicicnllv- to hccome 
4olid upon the surface, the crust be broken through and the yet 
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ftolid ])Qriioii nill ho foiiTid 1o he liiirtl urith priraiktit* tma«(>iuTiit 
oryst^U of Aiiiphur or Imllunt htdlrhW oiilx.-* of nrrtallir Ijinmiilk. 
AVai«r on noti^ifiiiTi^ nf^m ■hnotx mtj) iM^antifnl nrjratjd% »» voMv be 

M'lii in the fornix of nimr 
^"='' 3**- flftkes wliicli fiill diirine 

a hard froet, %. ,^. Tlic 
furmp of tlicfMs ftnlGet uxt 
dW ilcrivwi from Uie *it. 
mAvA pliitc. No, I ; Uie 
sc(iaratt' rrvF^taU in the 
)fro«iwi 2, 3>4» j-6, 7,8, 
ail croaa each othfrr at 
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angles 
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of 6o^ umI 
though they Tary in the complETsitr of thdr arrangt'mcnt. 

In tho bowels ot^ the earth, t4^'m]>i'mtiin» which mnn mu hftrdly 
atUiiu in his funiuw^, have Ixxii noting IVir ngcw ; priMrs^we* of cool- 
ing of ttie nioNt ir^iiljir atid ^nuUiid kiiul hiv\t Ijeiii iiroccalin^, 
aiid a great inriHy of oiiriih]u;itioii» ha^e l)eeik effected uiiAcr tho 
pweaiire of l!ie snperiiicumljeiU MrtxXa : by the oombined operation 
erf these eaiiws many crystalline fliibsianecs of mineral origin ban; 
bcvn formed, irhieh irc huv€ not micce^led in iniitntiug, idlltoti|^ 
m doAiT exaiuinntiiiu of the sliif^is of uur iron furuaiecA mcaln ueir 
artificial formationft r>f thi« nnturc, uid the numljcr of th4»o 
<?oinhioattoo!S prcvitniAljT unntUiincd by art, ia gradually beui|( 
dimiaUlicih 

M. Ebclmcn(^itii.iie-rAfmjVW^P%d., 111.XM)., an) haamo* 
eeo(1t.4 in producuif; a variety of aittfic-ially cnisbdliiccd eompoun<is, 
vrhieh wew befotv only known a* uaturai mmeraU, by ditauJTing 
their eoiiAtitooiits ia Iwrw^ie or in ]>hoaphonc aeid, or m oae of llw-ir 
nalu, ni;d then «objeetin^ the mixture to aii iulenA^ ami limg-Hitk 
tftincd heat in a fiu-naoc iisf?d for baking jiorx't^laiii ; the acid ot 
othrr oompnnnd employn) as the solreiit wka thiiM vfffj 1 
volntiliJted, and various erytt^ds were obtitiied, itioltidiiig api 
chrtiaio imii, enicraU), and corumltun or ruby. The ai 
that hiLH nttisKk'd tbofc inrcstigutionBt offora every iiKluccnicntpi 
to ihonii irbo liave tlie crppcMrtuoity, to pui^ue this intcroatiog 
subject. 

(70) Wbfre thf! forcca of cohcftion and of adlicaion arc nearly 
belaaccd, as iu saturated solutions, very slight causes may o<xa- 
auA tlu? force of cobeaion to preponderate ^ and when once thia 
force has been set in action^ its inBncnoe spicads rapidly through- 
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out tltv mfluw. "Vrbtcr, for <T!iflin|>lr, in a tttill ntmcptu^rc, mny Iw 
cuol^ 8 or lo ilcgruoN Ih^Iow thr fn^raring point, and jct eoDtiiiuc 
tu|i]|d : Imt thi? iLlighUvt riVirniion cf ilu? ^t^mtI eauK** »iulilc-n 
ciyiCjUlbaCton of a prution of tli<? Iu|mil into ice. ScmHimes, as 
in th« cue of (iliubtVA fuill, the Huilden admiaHion of air lit ilui 
tolucioii of a »Jt WLturatoJ Rt a lii^th temperature, frx»m vlih^U, by 
boUiug, the air baa been eipeUed, produces a siinibu' effect. 

Adbi^Lou to ft loUd body may be aufficinit to dtstitrb tlte 
bdaiKC ; Ukus.tbc dropping id of a siEuilar crjsialf the infcrCkm c^ 
a Umod.orof A vire^or of a piece of &tick, if not aufficicut tocaiao 
»ujid<ni crynlallizati^m, nill geiuanlly dctcnntoc t)ie apot upon 
which liw crystal* fir»t (<>nn, capecaally if the foreign body or 
nudeuM be rough and irregular in lu outline. For this rcoiton 
thrvadii are strctchrd acro«s the veaaela in irbidi the pure aotution 
of sujcar i* set aside lo crretaUi^e in the manufacture of su^^ 
caudy ; fto alfto iroodcD roda are placed in solutiona of aoclatc of 
coppcT, and copper vires arc saapcodcd in solutioiM of boms in 
order lo lacittutu tbi? crk-Btallifiatioii «f tlu? KoJt. 

(71} Tbe proccNt of cryM^dltKutioti otteo aAbrLln a mcan:ii of 
fppanUiiig two aalta of tweqiud aoluliiUty, the cryntaltiue form (tf 
wbidi la diffcnnit, and which bave tto dianical action ou each 
other, Xttiate of potasli is thus pnriflctl f^m the coEnrooa lalt 
TbK-li alvaya occum mixti^d with it. Tbla jiroccsa ia ri-ry ^cncTally 
rcTM>rccd to aa a nicam of purifyiug anlta from sninll cjuautitics 
of forci^i tulmiJttiLrfw, which may \)c aoliiblc in water, Ijut wtuch 
either do iwt cryMaltixc, or if they cry^talliBc. do net do so iu 
dilute Aotiition*. Bach crydtallixntioii dimiitiiibed the ifuutitity of 
adhering impurity, and a(l<-r the proceiia haa bocu rcpc-ated three 
or li>ur tiniL-«, by dikaolviug caeb iii]coe£*ivo crop of eryEtaU iti freah 
portioQB 4»f j»iiiv water, ilie ]>roduct uiU iu moat casiea be firoe 
Iroiu iniptirity^ The cryntnllitaliou of aea uill from nra water, 
thw w^garaten the ehlonde of sodium from ebtoride of magiieajiim, 
and Irom variotu other «alta itliieh arc prraent with it iu anudi 
proportiouw, A single cryntallizntiou girca the n;dt SiUiTuiontly 
punr for i.x>niRicn.iiLl pm'poi^-^, thcni^b it la in Uii^ nUiXi'. far fmm 
Ixung diuinicnlly free from the luxhea which accompany it m 
the walen of the ocean. Bodies, auHi aa aulfftliate aitd cbromatc 
of potashf which poweai the rajQc crj^statliLe form, caunoi thus be 
aepamted- 

{72) The ^umeofcrystals is often influenced liyciltllliutanee« 
ap]urcntly triviid, Mmldy nalutions generally yield tlielargeat rrya- 
taUt Ba ia well teen in the niauufiictui'iuf; proce^ for oblaiuiiig citric 
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and tartaric ocul. whcrrc the imi^urc acid eiw^s tomnn the finc&t 
crystals. Oi^'asionnJIy tin* pn-«eti€V of a sutMtiuicc m tli<^ liqiiii) 
nliich c^ocH not cry^Utllm^ villi ilic nult, yet iiicHUfi<!« die fona 
vliich tlie hiter amumea ; urta, fur iuHtance, occaiiona the i1epou-< 
tioii of ^^UTiin^ou salt in octobolra instead of its utkual fotni of tite 
cube. Under certain circiimetaiiccs boracic add aUo ei'v^tatliica 
in acute octobccb-a iii6f4.ad of in platt^. ^| 

(73) Some cb&n^ of bulk usiiallT oocun at the toomcnt of^ 
ao]idifi(:ation ; in roMxy uiJitAix^cM exparftiou i^ prodnct^d. Ice, for 
example, at thi^ moment of L^)14Cl■lati(Jn, incrC3u<«ff in bulk nlH>ut Vr 
aiM] cxpaiide< Hu forcibly aa to hiuat llic veH»el in wbicb it ik con- 
tinued. liiKtanc^a of tbis 4>eeur dwing severe fro&ts in tbe pi|je!t xiMsd 
for DOnveying water Tbis cxpaiuivc force is hq enormoua tbat 
no TCftftels bavc liccu tbund sufiiciently strong to rcsUt it. Tbe 
most computet ice bos n specific ^rarity of '940: 1000 paita of 
water at 32^ bcconu^ dibit<"<l un friTJiitig to 1063. It i» oni-inE; to 
ihin expaiudun, vrbicli ocirnnt »i tIte niuitienl of Mjliiliflcation in iron 
aad fuMblc Dii-ta], tliut tbey uuDuer vu atluiimbly iur tiLvtingv. 
Otlnr »«!ida, bitwcver, jirtat-ut L^iually n^uiarkable instaneoc 
cvutracltotir uf wbicb uici-cnry, Icod^ ihtid f^ld air illuAtrAtioain, luid 
bencc ttie ujititucM of tlic two inctaU lust mcutioiicd tor Uic puT' 
pO0c« of c£«tin^ or moulding:* 

An intprc«ting proof of tlic influfmce of duuw upon cobCMon 
nomctiincK ol)iu,*rved itt the gmdunl i^jtivctvion of nmidl crystals leA 
in tliC! liqttir) mto liu'ji^-T miVM. hi nulpliat^* of tiic-J;<U, for exnmpJe, 
idigbt iitleriiiLtt? i-li'vat'uni!* and dtrpreMJon^B f>f teIn}H^mtn^r^ caniie 
tlie alt^ii&te solution and n^-^rystalliatatioti of part of tbe Mit ; the 
smaller ciyatals, whicb oBer the largest surfaee in projx»rlion to 
their msM. dissolve moat readily and eiystaUiEc again u|>oii the ^ 
surface of tbe larger onc«, wbicb thus ^aduaUy increase in suej^| 
wbilKt tbc Mnnll ouct entln^ly di^jipiM^r. " 

(74] It iff not in all coj^t^ nt^tre^sary tbat Uquc-faetion sliould 
take place nA a jireliiuinary ic cty stall iaation ; ii\e depo^iliou of a 
solid from tbc gaseous atate sometime* occum in aystalliiu^ forms : , 
iodine^ arscnious aeid, aulphur, iodide of tncrcory, and eauiplwfj 
oScr illostrationa ofthift mode of ery^tallijuitioD. 

By tbc »ilowf action of .'*cilulioii, <Tj'*lalline structure may ofteo' 
be made Tisiblv nbc^re prcvionMy no traee of it v,-u» Apparent. The 
fore« of cobe«ioii i^ tdrougcM in certaiji directions, ^rtueb dcpcud 
upon tbe particular cry&tatljue fonn^ and a kind of di^tt^xtioa offll 
Lbc mas4 is thus c&'ectcd. ^M 

On the surface of a ton pUiw tbc^e pbeuomcua may be de- 
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Tclopnl in a rtriking mmiiUFr, by wimhln^ it over vitli a littlo vroalc 
ACbd; the cr7«talUDi> forms tliiw <l>]i|)Lay«<d coiiitituU?, vbvn tUe aur- 
fiuse hn* been v»riiUlu*fl^ t1i<*4>riiiiDu-nt4--il tin p\tkUf UTmiMl mo«f^ m^. 
intHqae, A bar L>f ntekel plained in dilute nitric ttcid, hccamfjt coTcrn?d 
vitb tettaheiira, tnna. tbf^ soliuiou of iJie intervening uiK'rx-^tnJIin^rl 
portiotiA of the metal. au<l tlic tibroua ftnictiirfi of tike biatirr kiiuU 
of iron b tbud strikingly cibibit^. Salts may be made lo limw 
tbo aaiDC kiiid of stnictiirc witliouC batitig rccourAO to cbemicul 
solvcnte. A slinpcU'«« bloi^k of alinn, vrbcii pJflocd in a nearly 
aiUurat4Hl itoiuCion of Hio ^ilt, l>ecomeA f^radiudly embonod with 
portiom of 0(^»be<lra, so tbdit ita true orysialLiue ttiructurc is re* 
reulcd lo Uie eye. In all tbcite csa^e* tbe aetiou of tbe wolv^nit 
must be very weak, othcnrisc the force of adhesion will act too 
nuiformly tbc more slowly th« solution tnkcs place tlie niorc cleai^y 
is this dilfcrcnce in the amonut of cabCHioii Id diflcrcnt dircctioii^ 
of tkc tolid nunifcctcfl* 

A remarkable molecniar chan^ sBOinetinir^ tnke* place in bodies 
witlkcmt their iin[leT)^>iu^ any alteniciou fnim the stohd to tho 
liquid «tate. Brass and ailvcr, for example, when tint ea»t or 
WTX>u|;)it, pn«sefifl oonsidcrable toughness, and have no apparent 
crrnaJline structure ; by rqwalcd hcaiiug^ imd cooliu^, however, 
they often become so brittle ti» to ifiutp olf ti|>uii the application of 
a very »li^ht tlegree of (oixc, and the i»uriac4? of the fn^^urc llicn 
exhibit* a dUtinctly cryntalltjccd np|)Caratico- In the saniR way it 
15 found tbnt constAut vihration, Btich aa tb^t to wbicli thtr iron sluifla 
of mocbitkcrr at)d tho iLxlt-vt of railway carria-^ urc aubjccted^ 
gnwiuaily dcidroya the fibrouo cbEu-aotor to which the iron ia chieAy 
indebt^ Eor ita tou^bncdu, aiid rccidvm it cryatattine and bnttlo. 
A cmiihir change sometimes oceiim in cryntjUhxcd bodice : in thin 
way tran^pan-nt pmmatic ayilnU of Biilphuto of nickel or of i*ele- 
nint'* of tinf, vhen i^t|Mi-u'd for a few minut^v tii the %ni\'tt i^ys 
become opacjui^; ihcj retuin thi'ir form until tout^hcilr and thrn 
CTUmhle down into a i^nular powder computed of oetoheiind juir- 
ticlca. A somewhat similar alieration occurs in barley 3ui^r» 
which, when firat made from melted sugar, i» amorpboua and 
transparent; but it gradually becomes cryj^taUiuer opaque, and 
britllc, 

(;$) SlfHciirrc oJCrytiaU: Cieavoge. — By the careful uppHca- 
tion of mocbaiiiad Uyti^e, cryatAlIinc form may be ofUn revcidcd 



■ TLU *u1jj^( wiw pftrtimUrly oxuninc^ 1>y Profinaor Doaw^ Qx^fff^jy 



OTRVCTCBS OP CRT«T<&1A 



in a hady which at f rst api^rarA Bs a filjaitele&A moM, If io ad 
irre^nlar fragmnit of IcHnnc) t^par, for Mara pl<*, ve apply the vA^e 
of a knife, and lap it gc^iitly on tlie back witli a hammer, vc fthall 
find tli&t in ccrtiin pcwitious thcRpar spliu rraddv, leaving smooth 
suHaccK, nad that hjivltic uncc obtained viich « fturfii<ce, vc muy i^o 
ou BpUttiitK the miTienJ in kyrre i>tLnLl1<rl to thift wurfiioe* I'pon 
apj>l>tu): the knife to the surface of a lajer so detached, ue find that 
tbia agitiD ia capable of cleaving in tvo directions, and that ulti- 
matdy wc obtain a rbombohedral cryUal front the &p^. Soo^ 
bo<lic« cleave n-jth much greater facUitt than others; and vcty 
ofU-ii clravagtf occurs more readily in the direction v( one of the 
ploncM ttiaii in tliat of tlie other*. Sclcnitc, or »iilphat« of lime, baa 
three elt^aia^eft, but one of thc»e in much more na»ily elTected than 
the othcra; lieucc tlie minerul ih readUy^pht into latninv. 

The flat aur- 

^*"- ^^" ficca developed 

> • J by cleavage arc 

IcniK^ Ihci^i 
or pi4mtf of n 
ciTvtal (ntcli 

linn «■ ^, formed 
b^ the junotion 
of two of Ihveo p]an4« are its fdg^; the junction of two edgos 
a pl^ne antjh; and the point a, nt uhie)i thrw? or mi>re plamra 
moot conntttutcft a »oiid anph, Tbrsf? pioni't arr ntid to 1w 
timiiar, wh<*n th<fir rorr4*«iiniidiiig edgOM uro pvoportional, ami 
their cfTrn^K^M'nuling uni^li-* i-quiil. KdfftH are nmi/ar, wbrn they 
nm jmMlufcd by ihc nicetinic of plauca reiiwdively !»imilar 
equal au^l^; ^^^ Qngh» ait; amiiar vihen they are cqiuJ, aod 

contained within edges re^pretivcly simitar SoniC' 
times it happens that the cry)<;tnl 18 bounded in nil 
dircctioTia hy perfectly e()tml and «imilAr face*, aa it 
Mwn in the cube, m^tobitdn)ii, luid rhtiTtitmhedroo- 
Sttdi form* are ilistin};ui«hc(L oh nhnpit pumJty nhibt 
tfaofte formn reaultin^ from the oomtnnati<m of two 
or rnoro simple otics are termed tOMpotimi, or ^co** 
dory fvrm*. A ery}>tal of quartz, contistiug of a 
ai3C*«ided pri^ni, terminated by two «i^-aidc<l pyramid* 
(fig> 37 M), u a ()om(K>und form. In tigurv y^^ i, 
la % romifouiul form, the twflvc edgeit of the octolie* 
dron d d dj being replaced by facea of the ihombif. 
dodecahctlron. 
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AitHoQ^h cmeh suTiiUncr him iU ovn pcciilur cryrinlHtic form, 
for r](»inple, kluiu clir octJL)K-(!ix>u, common ^all the mix;, ctir- 

Ic of Imic till' rhomixilicdroti^it often hapiHMt* tlmt the rc^i- 
fakrity of Ui<* cTyAtaUttic fi»rm ift Ititrrfcrccl with. Gxtiu face* arc 
rWWn fonni'fl by ilu- rcpttic^^n<'nt nf iin wl|r'-, "f tHi? fmftmtwn of on 
luifiliv If the twiUvc' loHd cil};iw of tlii< ut^UlHslrou wcfre^ rt^movud, a 
form )titi*rm<^tUatiG bettrovn the outAltivtroii And tUf? rh<jmbi<* doflt*cfi- 
ht-ilruti 'wouhl Irt* tht" rvHuli, «uHi iw in tM^on m fiji- j7, 2. If tho fut«" 
sulir] iiijili^ "f lh<* tk'Ialjt'iiron wore n-movt'il, n fiinn iritrrmiHlintc* b*?- 
tireeu the ti*LniliedPo»i wk! the oddieditm would ri^iill (ft^, 37^3') 

lu tJie discovery of tht* nimijle ffmn of rrysrtnls, tlifi procew of 
clearRC^ ju»t AlltiiU'd to u m<>&i vahiabli.*; iiiul hy 
Ha no^ifl* secondary form^ vrliich at fxm sight 
pre!*etit no resinnhUncc to the original, may he 
readily txaccd tu it, A striking inbiaiicc of tliitt 
kitid is uHbnlcyl by t]i4^ cldivaj^c of the aix-^cd 
prism of ealcart'ous sjwir. By clcavapc, the three 
Alternate ali^t.-^ of the buc fu&y be n^nio^cd, and 
tlirce bees protluced^ as at r r, fig* ^S, whilst m 
cIeifc^:i^'<'»iijnlurto tlmt of th*^ biw* m.iy bcetTwted 
tipou tbr opii.j»ite ejklwmiiy of tht prism, except 
that the hI^l^ cori^stpooding to tbotac that Ix-furc 
refbiti'^l, n<iw yield, and that iIkihp which at the 
ljn»c yiddod to Heavaj^e non- rrroain entire, llie 
obtuse riioinlxtbcdroti U thiu obtaitieH tn- piintuiiig 
thi* diiucctioii, tia ahoini in fi;;. 3U. 

1;^) Gonijoinef^j. — l^ijiec the unmlkcr of greonielrica] aolidfi ts 
liinit4fd, whilst tlie niunlH.T of ervstaUiied bodies is very grcAt, it 
neocauiUy bap}>enB that wvcrnl different sulwuaui^es pcif^sewi tlie 
aaiuc cryMaUine furin, aiid the ouly differeucc obstervablc Wtweeu 
thptD ooiiAsifi in tlic diinnyriii iiurhnaiioo of the planes to each 
ivther ; or what i« the nmic 




tliin;^^iii I'uriauoiMvf tlieufiglex 
of tho cr^atnK Id order to 
detect this dilTcif-ncc, the criw- 
tallofmphci- n:t|mre:< instm- 
inenbi fof nbcnffuriug tbi-*nv 
ihii^lefi. Such instrutnt'iiLH an* 
t«rQicd tfonionuttrr*. Of tbL>o<e 
the Ampkat ^onitistA of a pair 
of don1J<7 i<ompiuutc?«, ihe pivot 
ftf w^itdi coiiiieuleH vith the 
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ceutrc of a graduated Bemicircle; one Jimb ie fixed, forming the 
diameter of the seioicircle, the other is moveable on the pivot^ 
and crosses the fi\wl limb at its centre, a» shown in fig. 40. The 
oxtcnud limlra of tlie compasses are pressed against the two planes 
of the erystal, the inclination of which is to be measured, so that 
they sliall ftccurately touch those planes in directions perpendicular 
to the e<lge at which they meet; and the alternate and opposite 
angle, which of course coincides with that of the crystal, is read off 
iu the degrees of the graduated are. 

{77) A far more elegant and accu- 
rate instrument is the refiectwg 
goniometer of Dr. Wollaston. Let 
abed (fig. 40), represent a section 
of the crystal to be measured. A 
ray of light, i r, reflected as at r #, 
£rom the surface of the crystal, f<mnB 
the radius of the arc which is to be 
measured. One plane, a b, of the 
crjstal, is broiight into a fixed position with regard to the graduated 
circle, and tlie inclination of the two planes at, be is ascertained by 

measuring the arc wliieh the gn^ 
duated limb of the instrument de- 
scribes, in order to bring the 
second plane, b c, of the crystal 
into the same position as the fint^ 
a b. The aupptemenl, a b c, 
of this arc, E i c measurca the 
inclination of the two planca. The 
angle may, howo-er, be read off 
at once, by attending to the fol- 
lowing instructions : — 

The instrument (Hg. 41) coruista 
^ A- - ^ of a bi-ass disk, a b, supported in a 
aA^'' vertical plane, and graduated on 
/ its outer edge to half degreei. 

By means of a milled head, d^ 
this difik may be turned round in 
its own plane; the angle through which it has been made to tuni 
ia read off by a vernier, c, which is permanently fixed. The axis, 
/, of the graduated circle is pierced by a second axis, attached to 
the milled head, e, which is intended to give rotation to the parts 
supporting the crystal, independent, ivhcn necessary, of the more- 
ments of the graduated cii-cle, a b. 



Fio. 41, 



"m 




ii;rL£c7iyo ooxioMtrsa, 



M 



" To mc tli« i^iomctcTr i( ehoiild firai be }>]A<?cd on a pjromiilnl 
^tatul, autl ttio #tnud iin u »iua[l McAjJy tabic, ]jI*cc(I about bix to tea 
or twcit'c fed fron) a fiai ^niiiHow. TKc gradiifttcd circulur |ituiCj q bp 
ihoutd eta»d aectimiefy perpcmjicntiur lii^tH tbo vriuiloWf the ipinp 
A I, b<Tmg horixonialt vnth tW «lit ciid, i, nenrcut ilto cyo- PWe 
tlic cryslttl wbk'U is to tic mcitiunxi on tbo *flblc, renting on one of 
ih^ pliuici whme inclinntioii i* trqiiiir^, ftnd with the edge at vrhj/cb 
Uuiu' jilivnpfl mrct thj? ftrtKi^t ftxitxi r<m, luiH pni-ftllcl to \\ie win* 
dov in yoMT Iront. Attach a jw>ninn of wax to rmc si<k of ibe 
mnall bntsA pinto, p: )oy tlw pUt« on the tabic with onr^ ^go 
l«jallfd to cko window, the mh' to vhicli the wav is attached 1>c?ing 
Uppermost. Mul piTM the end of ibc wax h^miiist tic cTydal, A, till it 
■dberea ; tlicn ttft the pliitc, vith it^ attaohrd crystul. and place it 
in U>r «lit of tlic piii» h i, with Uut »dc upjicrDiost wbidi rested 
uti ilw tttblc^ 

" Brin^ the ere nor »o near thecrj-stal, ii>. vtithotit perceiving 
tlie crystal iL^^lf, to pennil yourobAervin^ dUiinctly the iiiuigci^ of 
o)yecU rcfli'dnl fmm ita plauca; and raUeor lowt^'r ttmt end of the 
pin whMi liiui the i^maU circular plat^. A, attacliei) to it, until one 
of the liorixoutal up|jer 1»ir^, m, of ttte window h iteeu reflected 
from tlie upper or 6nit plane of tlie cmtal, and till the image of 
tiir Imr, n, ih hroiiglit nearly to eoinddc vrith »oiue line below t)ie 
vk iniloir ; AH die e^l^ of the akiitin^- board where it joias the floor. 
TtiTii tlie[mi,Ar\r/M ti«ott<ivan«, ifnecissarr^until thcrenectedima^c 
of iJic bar of tJic window coincides aCcurat^rly with the cbsen-'cd line 
below the window. l\iru now the vmaU drctitar pialc, e, oii its axi», 
and &oni vou, until vou observe the «unc t>ar of the window 
rt^flet-tcd tjrom tfaOMCond plunc of t^ic orrntnl, and nearly coincident 
with the lin^; bebiw ; atui baring, in adjiiMin^ the first plane, 
tiintal ilie pin on itn nxvi to bring tlii- relli^rtcd iningr: of the bar 
of the window to ctMtJcide ucxmntri^ with tbo Uav below, now 
mo^x* the lovt cr rod of that [lin iattrralitf rithrr tiiwiin1>^ or tmm the 
iiii^U'iuiK'ikt, in oHrr to tii^ikc tliiT iuiii^^c: (if tbr s^iiic Tjar reflected 
fjtnn tlie kcvoikI plane ooimride witli the aamc line below. 

" Having iL'«>uri-d youn^elf, by looking rvpeati^dly at both planer, 
vliat the imap? <jf the tu>n;uJiituL bur reftceted Hiiix*4.-nfiu-cly from 
cmcktf eoincideei with the itanw line b«low, tlie eryfital may l)c con- 
■itti^iv'l iLH iuljiiftctl 6>r oMMtfiiremvoit, Xtet the 180^ cii the 
I^thi4ti>d eirele be uuv brouj;bt opposite the c^ of the vernier, by 
tviniing the ntidilli* pl^te, d, and while the eirele u niaiutained 
mtv;iirutff1y in ibi* jtuiitiou. Iiritii^ the retieded imai^e, n, of the bar, 
m, fnvm-hv fir-.t [ilaoe, to cmneide with the line, /, below, l^ tunw 
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iug the BDifill circular plate, e. No\r turn the ^rafluRted circle 
from you, by inenna of tlic niiddlt? plate, rf, until the image of the 
bar reflected from the second jjlaiie is also obsened to coincide 
with the same hue.'' (Brooke's Crystallography^ p. 30.) In this 
position, the readinjj of the vernier gives at ouce the inclination of 
the two ]ilaiiGs to each other. It is almost superfluous to remorlk, 
that the retlcctiug gouiometer can only be ap|>lied in cases in which 
the surfaces of the crystal have sufficient ]>o1ish and brilliancy to 
reflect the image of the line by means of which the augle is read off. 

(78) Symmetry of CrystaUive Form. — The study of the geome- 
trical relations of diRbreut cr^'stallLiie forms to each other belongs to 
the science of crystallography. It will be suflieient for the present 
purpo^ to indicate the general principle upon which the elassiflcation 
oferystnkis foimded. This principle is the symmetrical arrangement 
upon which eveiy ciy&tallinc form is coiistmctcd. Symmetry, or a 
complex uniformity of configuration (that is, similarity in the 
ari'angemcnt of two or more corresponding forms round a common 
centre), is tlie general law of creation, both in the vegetable and 
animal kingdoms, and it at once attracts the notice of e^-eiy 
observer. Tlie same law holds good still more rigidly, though not 
so obviously, in the constitution of every crystal. If one of the 
primary planes or axes of a crystal be modified in any maimer, all 
the symmetrical planes must be moihtied in the same manner* 

1'he imaginaiy Hue wliich thus governs the figure, and about 
M'bich all the parta are similarly dia^josed, and with reference to 
which they eorrcsi)ond exactly, is termed the aaia of synmietry in 
a crystal. If a rhoiubohedron of leeland spar be held with one of 
its obtuse angles uppermost, the vertical line w hich joins that angle 
to the o]>posite obtuse angle is the axis of symmetry of the crystal. 
Each cxti'cmity of the axis is formed by the meeting of three planes, 
each similar to the others, and all inclined to the axis at an equal 
an^dc. If any internal molecular force produce the replacement of 
any of the edges of one of those faces, the same cause must act 
with similar inteusity upon the corresponding edge of the other 
faces, and produce a corres|ionding modification. The variation 
thus introduced in the form of the crystal has a symmetrical chap 
racterj and the alteration which is cx]>crienccd by each of the 
divisions of whicli the crystal consists is consequently aimilar, three 
in each case. 

There are, however, crystals that possess more tlian one axil 
ofsymmctry; and an arrangement of crjstalHne form, first pro- 
posed by Weiss, and which is now uuivci'sally adopted, is hojied 
ujion the relation which these axes bear to each othcn These 
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ft^e*, it muid be r«memb«n*flr arc imttff'tHarjf Itnvft, wlitch ooancct 
tlt« oppcnLu^ utgli^ or face* of u ^^rjnul, uul nil of thoo mtcr*cct 
caoh ocSpt ill t)»f (i-nln* of th<> R^in*, In eh<? rv;cii1ar iiy*tpm, lo 
wliieh tbemilKvtIif raguliir ootaluMtron, aiw) rlutinltii^ cliiiti-VAlH^ivin 
bploEL^. there ari^ tUrut- uxt^<t nliirlt arc jdl et^ual, anil ctvt^ ejkrh othi*r 
in the CPiUre uf thir rry^ital uL right angledi. If niur of die farc^ or 
Gilges iqioii aiiy of tlic»e eciiial nxen he nioditi^Hl, not only arc alJ tite 
iaflC9 orodgefi U[K>u tUut axin Nimilarly tnoilified. htit all tlic faces 
mod edgCA of ihc entire eryalh) ex|)ericiice a Airnilar modiftoatiou ; 
siace the syiDisetry <ii all tlie ax&t U alike, and the molecular 
tnodj^ing force acta equally ui>on all. This rule, lhoii;:h of very 
l^cral apptifUtiou, ja ttat witliont excciktioD. I^ for instance, a 
cn'^ttij rest apoa oui} face durini; its formation, the mechanical 
obntacU* to it* symmeiriral ttcvcloj^nunt is frcc|ncnlly the caunc of 
ooinwlcrable iatcrfcrcboc vrith the rc^ilar 'i^tn'Ui iu this din^ctioit^ 
bqt tltiK interference docs not operate upoo the upper nmi ci[{io«cd 
fiu^es. TfiiJt iutcrfcrciicc of caiuca external to the crystal 1% veiy 
goicnilly oWrvod in crjsti^litie mjw«» nrtificiiJly obtniitccL Tlie 
cnTHtabt of wfiich the ma^^ i» conipoiicd crwA cucli other in all 
ilirecttoiui, ami form a oonfti^eil Mniclnrr, from tlie Hurfaee of 
«kicb projCKTt ur>tat<*d CTy»tal», one extn^inity of nliidk only in 
d€rclo|inl re^ilarly. 

(79) Cfojuijii'-ation 0/ Cr^Mois. — Crystab are suVlit'ided into 
fix d«s5C4 or ByHt4>in!S foinide^l npnn the rethiimi of their asca of 
qrmiDruy uj each other. TheikertflatioTu exert an Influeiicc not only 
a|ion die ircofnelnctil <H)nnc^ii]n of the forms of (lie ayittaJH, but 
al»o ujH>u their upticNtl aiitl iihvHiial proijertics. It b ucoc&»iy in 
Ma4lyiiif;cryHtttUiuefuniid, the n-ktionsufwliich are urteu very coni<- 
plicated^ alwaya Sk> place llic cryntji! in a definite fioritioa- It will he 
rcniiwt BMM cuiivmiiciit to place the jinneipal :uu» in a vcrticfll 
dinx'tioQ. T^ ob»errance of thi^ nilc ^rrcatly facilitates the 00m- 
pAriih>n of the ofjmponud vrith the ftimple fontm. 

'Hie hix ctfiAMM 111I0 H tiich ctyaiala aro »ulKliv)dcd mrc the fol- 
lowing : — let, tho ro(;iil;ir or tassnJar ay^tem ; and, the right f^qiiarc 
prianifltie, or pymmidiil; jrd, the HiomWicHral ; ^th, the jmcmatic ; 
^tii, iIm' obIi<|ne ; i^lh, tliedonbly ohEitjuc. 

I, Thf Hfffufitff or Ti^tMnitrr, or fWAie Hj^sttt^n, i% rhnrarUTi/i'd 
hy three i-qnnt n\r«. n a, aa^ na^ l^gnnw 43, 43, 44, nround nhiih 
l\u* rryrtal* lire ■ynmetrimlly nrmngi-^i : d»cy cro«i each other at 
right anflc^. Crystals Ijclo^triiig to rlit» sj'vtL'm exjiaiid equally in 
all dirn'tiotiA when heated, juid rcfniet light nin^dy. The ino*t 
itniMirtant varieties of simple funas aiv ihc eub<i, a* -<hown in fluor 
sfiar, oummon salt, and inm fiyritvv (G|i:< 41^ l); tlie octaltedrou 
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{fig, 42, 5), exemplified by alum and mn^ettc iron ore; the tetra- 
liedron {tig. 44, 3), sometimes seen in copper; and the rhombic 
dodecahedron (fig. 45, 3), as in the garnet and sulphide of cobalt. 
Upon the geometrical relations of these forms, & single instance, 
showing one of the simplest cases of such a connexion, will siillice. 
Fi-om the cube may readily be deduced the three other allied 
forms of the regular system. By truncating each of the eight «olid 
aoglcs by planes equally inclined to the faces of the cube, we obtain 
the ocfa/tetirortf in which the three axes of the cube terminate in 
the six solid angles of the figure, one of which consequently cor- 
responds to the centre of each side of the cube. (See fig. 42.} 





PasBagc of the Cube to the Octahedron* 

By replacing each of the twelve edges of the cube, we arrive at 
last at the rhombic dodecahedron, {Fig. 43,) 






Passflco of tJie Cube to the Podcoahedron. 

By truncating the alternate angles, we obtain the tetrahedron, 
as shown in fig. 44. 

Fig. 44. 
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Passage of the Cube to the Tetrahedron. 
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Fig. 4S^ 



fhntoh/*ftral or Holohetlral fomu, ait? Utr«<? irtik-h. liko the cutx? 
uul ocuhtxlroii, )M»dCM Ujc Uiglieat <leint^ of arm met r>" «f wliirh llic 
tirslem ndmtts. Jirmi/tetirat forms, i>u the oilier baml, &re those 
«hicli mny l>c <Icriv<xl from a bololkc^lnd fi^nn, as tlie irtralwdrou 
from ihc octaheitrou (fi^. ^7), or from the cube {Ur. 44), by 
,p|K>4iii^ h*lf Uic i'mX'* of ibc bolohc<lral form omitted, or its alter- 
nate aii)cU?i or ci^v» repluocd, aceonlin*; (o & cirlain law, 

11>e«e iflAtior*:« wiU be trndily traced, cTcti hj tliow twac* 
qmnted wttii gcomctiy, bv cuttui^ out two or tbrcc cubes in ^mp, 
or BODie other KOtilc 1>ody,aod pahugclovo tbe ungli^s or edges in 
the manner aliove ilocrLbcd. 

[b a MiiiiUr nianoer, bj lu^erting u'irc« into 
an Kjiplc, [*ig-45). wc may rc^rucnt to the cj'c 
tbe direction aMumed by etch of the axr^ of a 
ciTsliil, tatii by winding a pieoe of string rDtiiMl 
cwfli point of the wires, and Atretehing the thread 
acruss th>iD one wire to another, tlic outline of 
an octnlicdnm t)elo«ging to auy of thesyatemH la 
rcBwIily ublaincd. 

J. 7Tic i<it/M Si/tuire PrisHtaik, or Pyramidal 
S^/ftcm^ — iu ttua fe^vsteiu there are tbrce axis, at! at right angica 
to rarh othcr^ but Ltvo only, nrj, a a (fig. 46), uw cqiifll l the 
lliird, c e, bctnji; either lou^rcr or shorter lliaii li»e olhcra, Gcnc- 
tmll^T there is no simple relation between the Icti^]^ of thi» aiia 
mid thnt of tbr otlicr two. Expansion by beat i* equal iti V-o 
AinxiHitw. Thp <?r^talji of tbii4 ^ytitcm^ as well as thow of th« 
tonxr PtIicT KvMCTtu tiot yet doseribcd, exert double refi'aetion cm 
lifrbi, atid lijivo only one ^\w of single refriu-tiou. 

Four priivcipfll vmru^ie^ of lliU ^yxtem roay be mwitioned ; two 
prisma with a ^tifire bn«r-, antl two ootahedm- The? primntt differ 
fVooi mrh fith^r iuvnrd(ng sh ihp erjiiftl »\e«, it it. iv a. tmmunti* in 
theangtcsof theliase.aswcu io tig. 46, i; orinthccukstof tliebaite. 
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Ki^lil tqoare Pri*jii&tic 9y«tein. 
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as at 2. Similar diderencCB exist in the two octaliedra. The octa- 
hc^drou is said to be directf wlien tlic axes eiid in the angles, — 
vwers€t when tbey end in the edges. 3 represents a ri^ht 
square prism, the axes of which terminate in the sides of the erystaL 
In 4 the axes terminate in the e^^es of the prism; j is the 
direct octalicflron, with its axes in the solid angles ; 6 the inVcTBe oc- 
tahedron, with the axes in the edges. To this system belong ferro- 
cyanide of potassium, cyanide of racrcnry, oxide of tin, and anatase. 
In consequence of the absence of any fixed relation in length between 
the principal axis^ c c, in the fourdiSerent prismatic systems^ these 
prisms may vary in length indefinitely. In some caj^es, the axis, c c, 
is so short tbat the crystal assnmes tlie form of a Hatteued plate, 
wlken it is said to lie a tabular cr}-stal ; at others it foims a long 
prism of indefinite length. Even in the octahedron of the various 
prismatic systems, the princijial axis, c c, is not always of the same 
lengtli in the same compound ; though in these various octahedra 
the axis, c c, always bears some simple ratio in length to those of the 
otlier octahe<!ra of the same body. 

3, The Rhomhohedral System. — In this system there are four 
axes; tlu^e of tliem, aa^ aa,aa, are of equal lengths, are 
situated in the same ])lane, and cross each other at angles of 
60^; whilst the fourth, c c, is perpendicular to these, and 
may vary in lengtli. The crystals of this class produce, in 
a very marked manner, the effects of double refraction on 
light. They liave one axis, c c, of single refraction; and by 
the appH(?ation of heat expand equally in two directions. A 
section whicli passes tbrough the principal axis, cc, and any one 
of the fincomlarj' axes u a, is termed a principal section; in each 
crystal of this system there arc three such sections, corresponding 
with the three seoomlary axes, o a. In this system the priucipal 
fonna (fig. 47, 4) are the bi-pyramidal dodecahedron 3,(of which tliere 




EhomlK>hcdrftl Syafcni. 
arc two varietiesj according aa the axce terminate in the sides of 
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ihe tiAfi^ I, whm it enTvttiliiti!« an inv«rrsr doHpoflli«^rr>n ; or in it« 
mgiw a, wWn H»*^ (ImlfU'nitrtlmn in Miirl to be dircd ;) lli^ rlwmu 
bohedmn 4, and thv civ-HxIi^ pmm 5, Of pacli of thcfto 
tbrnw ttcrc iiro likewise twc vftmtJOR, depending upon the po«. 
licm of tlic ftxcs. 4 15 ati inverse rhombolicdnin. Ice, quivte, 
ber}), Icclftt^d #)knr, and iiitrnto of «odA. belong to this s^rsUm. 
Tbc relntioDc of tti€ 1tr«t tlirec )f)'«(cms urc amplCj and ciuily 
tmw*d ; tlie oUicr three *y«tern* arc more complicAtcfl, owing to tl>c 
variety intnxUiccni b}' Uic irrt^ar Ini^L^s and obliquities of tlic 
aicM. 

Fi^ire 4R rejirf^nlA, in one Ticir, the miuiner in wbi<^h llie 
jirinrijxil fonn» in eiurb of the lir#t tbrix! ftystem^ ea:i l>i^ ili^nrnWd 
ftVx>ut tltc ery^allo^rraphi^ aii^, 1 exhibits the oetabedivjn in- 
«ml>nl in the nibc; 2 t^hoa'^ l>olh vnni^tiesi of the ix^tidirdron 
anrl of the >r|iiare prinm; 3 the «i\-Aiiittl priMn, mnlaiuing the 
rliombohednm uid Uie bi-pyramidal dodecaJiedron. 




4, Tht Hiffht lireian^ar PrUmaile.^ or Prumailc %Wmi. — 
The crpuli* of this sj'atpm have thn*r axri^ aOtbhtce (fig. 4$), all 
at right ait^lea U> caeh otbei'; ibey are nil nntM]iml, and uNiially 
bc-Ai no sjuiftk- proportion iu Irnscth to e^^h other. In thiH i;nd in 
the two remaining cystt'mn, by llie npt'li^^tton of heat» the evyatak 
Cxptnd uWNiDaUy in the tbiveillm-tiouhof cbcBeaxes, and tliey hare 
tiro axe0 in which tlvrc i» no dinibU- n fnu-tion. 

The prineiiial i-arielie* of Uie prismatic system are tlic rijtht 
octahedron riUi a rhomhie l)aac (tif:. 49, 4), or ri^kt rhombic 
octahcdixKL ; mid die right jvifim with a rlionihic boBc, or 
rifi:hl rhombic prinn 5- Dotb these figures have a rhombic 
liaM.' I ; Uie axea tenainatc in tbc solid aaj^h^ of the oeia- 
hrdroii, and in the cd|^eA of tbc priun. Owing to the ineiqtiality iu 
the leiif^tlift of tJie axcHj tbc wcttoDs of the octahedron, ttuougb 
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a b a b, 1, c a c a^i^ and e b c h^ 3, thougK all rhombic in 
fonOj are each diHereut in dimensions. The &ceB of the octa- 







Bight Prismatic SjsteiP, 

hedron are all similar^ but the length of each aide of its trian- 
gular faces is different. To this class belong nitre, aragonit^, 
topaz, sulphate of baryta^ and sulphur obtained by evaporation from 
bisulphide of carbon. 

5, Tht Oblxqut System. — The three axes of this system may 
all be unequal in length ; two of them, c c, a a, cross each other 
obliquely (fig- 51^ 2) ; the third, bb, is perpendicular to both the 
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others J generally there is no simple proportiou between the len^hs 
of the different axes. The principal forms are the oblique octa- 
hedron with a rhombic base 4, in witich the axes are in the angles 
of the crystal. The base of this figure ia a rhomlwid, i, in which the 
axes aa,bb, cross each other at right angles* The section through 
the two oblique axes, a a^c c, 2, is also a rhomboid, and it is termed 
the^/ici/Jfl/jec/tonofthc crystals. The axis, c c, crosses the third 
axis, b b, perpendicularly, and a section through these axes producei 
the rhomboid shown in 3. The octahedron of this system is not per- 
fectly symmetrical. The three sides forming its triangular faces are 
unequal in length, and the faces are of two kinds. The two upper 
front faces of 4^ fig, 50, corressjond to the two lower back faces, and 
the other four faces arc alike. Besides the oblique rhombic octft* 
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bfdron, diere arc Uiroci formv of the obliquo Hiombic pri^m ; Uio 
kitid of |iriHru bt>iii^ di^iuc^l by tli<* uxiA lo mliicli the km; axU oF 
the [rncm b^ puralk-h Sulpli^tt* of voiIa, pUoMptau* of Bodn, tulphur 
crjateUixcd by fViuion arid »lotr rooliiip, borax, and ftulpliate of iroOj 
offer exampW of cry^taiU beloTi>pti^' 1o tbi« oIma. 

6. The DoMff Oltiifjue^ or Aftorihie System^ — In tbiBftystcmall 

Fio, SI. 






Doobly Obliqtio SyvtfTTn. 

of the axes are unei)iial in It-iiftth, and all crofis each otlicr 
obliiinely, Tlie |triticj|3al varietie?( are tbc doubly oblic[Uc octa- 
bedroD (fi^. ji, i), clw I>ade of wbick u aeen at i, uhI Ibc 
doul)!}' ohlugtie prism _j. The nctnlierlrou U tiot prmmrtrical in 
its form. The ibar upper facca are hll unlike, but cacli facr cor- 
RVpoiub to Uic lower face which is piindlcl lo it. Coniimmtivel}" 
few cnrataU occur iii tliia Hom, Sulphate of copp<^'r und lutmte 
of bifu&utli oflfcr ciaopl^. Some of the rarictica whieb it indudea 
•re rci>' complicated, aud difficult to define. 



(80) Owiuf! to the coni|i«rativdy «niuJl aumber of forme irhicb 
bploDg to the riT^hfcr •jtlem, and to \he |>erfect aymnietr)- which 
charaoierixefl ihem, il u«<.'e«iiarily bappeu* tliat a varietj of borlim, 
vi?T5 di««jmi1ar in propeHiea ajid in obemieal compordtion, awume 
dystAllme form* wbiHk are not ilulinffuishnblr fTom each other, niacc 
thcT (xiiucide c_iartly in their angular tiiefisnrementa- For L'lamplc, 
the elcmnits^ — carboo, gold, and copper^ and the componncU, — tml- 
phidc of lead, bisulphide of iroD, fluor spar, alum, and «pin«lle, 
erynlalliKo in caWs or cctfihcdra which perfectly rfwnOde ea4*h 
Iter; yet thc«c sulistaacrs preheat no re^cmhl&iiee to eai;b otlicr, 
either in pro|>ertie< or cbcmic*al compoaition. 

CrtwtiU ytliicrli belong to the other By"teni», bownrr, *lo not 
pv«setit so frcvgueotlythistesuu-t Mrniliuily in foim \ for 1lio.igh ihey 
may crratallise in similar priion^ or octahcdra^ yet a nieaJtiirFinrttt 
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of the angles will suffice to sliow coiiKidcrahlc differences in the 
length of the axes ; and^ in tlie case of the two ohlique syBtems, ia 
the inclination of the axes to each other. But in these systems, 
likewise, as well as in the regular system, eases occur in wliich an 
exact, or almost exact identity in crystalline form, even in these 
respects, is fomid. In the larger number of these instances, as 
JlitacbcrlicU lia^* proved, the clicmical composition of the substances 
which thus correspond in form is analogous- Bodies which possess 
this Biniiliirity iti form arc termetl isonwrphoys. The term isomor- 
phoua, ctymologically considered, meaTis equal or similar in form ; 
but it ia by most chemical writers restricted to such substances as ex- 
hibit not only similarity in form, hut at the same time, the analogy in 
their chemical composition just alluded to. The diamond (C), mag* 
netic oxide of iron (IcO, Fe^^), and alum (KO, SO, + Alp^ 3 SO, 
+ 24 Aq), all crystidlize in ocrtahcdra, yet they are not usually 
eited as instances of isomorphism : but the spinelle-ruby {MgO, 
AljOj), magnetic oxide of iron (FeO, Fe^O,), and cJirorae iron ore 
(FcO, Cr^Oj), not only crystallize in the same form, but have a 
constitution perfectly analogous, and arc therefore truly isomor- 
phous. ilitscherlich, indeed, endeavoured to show that cTystatline 
Ibrm is iudcpcndent of the chemieal nature of the atoms, and that 
it is determined only by their grouping and relative position ; the 
same number of atoms combineil in the same way, always pro- 
ducing the same crj-stalline form. 

This statement is not strictly true : the elementary bodies have 
by no means all of them the same crystalline form ; and it is found 
that even when the chemical constitution is the same, though there 
may frequently be a close similarity in the form assumed, yet a 
careful measurement of the angles iudicatcs differences in the length 
or inclination of the axes- For example — the earbonates of manga- 
nese, of lime, of magnesia, of ii'on, and of zinc, all crystallize in 
rhombohedra ; but the corresponding angles of these several erystalA 
are all different, as the following table shows : — 

Carbonate of manganese 103" o' 

Calcareous spar 105° 5' 

Carbonate of iron 107** o' 

Carlx)nate of magnesia 107** 25' 

Carbonate of zinc 107^40' 

These difftTcnces are in all probability partially due to differ- 
ences in the cri'stalline arrangement of the elementary molecules 
of some of the components ; and, as Kopp has shown^ in the atomic 
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VDhimc or ^mcc occi>|iii*cl 1;y t1ii<»c uUliJintf ruolcolcs* Tlic 
cn'MnIx of tnctiLUio aiiiic miul imu, for iji»iaiiL<c, lH*Ioiig to dinbniit 
9jtit€m9, Ml ibat it tK Dot «ur|)Jri«iug that noirr lUllcrciici: sfiwiltL be 
oWncd ill the Jwnn of their rorrojKJiwliiig coTikpwui<1» ; and 
if MitM*WTlirh'[* law be confiiW to Compound Jwxhc^, thc#c 
VfTv (lif{i::rcncc» whii^U bare \xicti Mtp|K>KN) to mililjitc ngniuatt it 
will prove n ncnkorkjiblo corroWmtimi of it* truth, as tLcy iihow 
tJiAt tlir nntnbcr juid eoUocutiuu <>f lUo atoma iiiuv ovifrcomc the 
tendonc^ of tortm of the xUoms of tliu elotnf-iitiiry <?i>m[>onciit« to 
AMitme dilTereiit furnu. It MJft> «li4>vrit, morc^ovri-, that it it unMdc 
to infer itomorpbimm in tW dr-niimtK •inipl/ fftim the ot^cnrrcncc 
of ijDjnDr|ihl«ni iii tlu^ cvimjHkUiuU uhkli tlu-y form. 

(81) ThUdiwYiri^y oftlioiHiiudilt'TKM^Afiainilarity in rryidalliue 
fin-Ill, whrri* the cWmical f<otii;iohitioti U alftfi ninnlar, in one of tJn? 
nuutt imjiorunt grneralixAtiona yet arrived- at in the. Htriuncn tif 
i*ryaimlli»iniipi>y- ^^ ^^'^ rcnilered imiH>rtatit itcr^'ic^a to frbenibttry 
by f»eilitauni;tlieclftwification ofcompoun<lii,aii(t it Uaftoft^m calle<l 
ailciitiou u> aiiatosie^ in compotiitiou vrbieh ml;;1it othenvi&c liave 
been oreriookcd. In delcrmiain;; tUe chcaiv:^! equivalent of a sub- 
Btanc'e it is frwjucutlj of csaQutial lakic ; but its npplicati^m to these 
|)UrpQ6<s will be more advantapcouftly exniuincd at afiiturc period, 

Itodieft whicli cliuacl<H«cly approach caoliothiT in crrstalbiiefonn 
firequciiily o<x-ur mixird toother in variable ])roi)ortimi5 in regularly 
crv'^tallizit] minerals, Such i^tnorphou!< i;o[tipniiiHl» eanuot he 
ftcparatcd l^ iha method of i-rystiJliuition. lnclc?e<l, it w quite 
ponible to ubtsin cr^vt^U {^otimting of nlt<-Tnut<^l[iy(Tsof dilTeixiit 
i)9oniorphou« ^U, if they havf nr,irly the smne dc^rtt^ of wjI utility 
in mMCT. All octotaHlnl ^^ryHtid of cvnlinniy alum^ if tnun^fumrd 
to a vofrition of ehi-omi^ nlum (a coiiipounil T»omorphoit^ with onli- 
lUUT ahim, luid vrhicli differs from it in onitaimn^ tuo ("quivdeutJi 
ol'cbrofnininm the plaer of tvocqiiivalentAofaJuuiiiiuin), will con- 
tinue to inert*a4c tii si^e rc*<uWly, and a layer of the metatlte niU 
vill l>e depa-uted oti the common aliun. If the ciysial l>e cranAferred 
■fain to the urigiual solution of ulum, a fircah lajor of colourless 
aliuu will foriij upon the elirome sidl, u^d im ou in i»uGec«niou. 
6ul|>liate <if I'Jtjiper uiul fluliihutcuf irun may, by similar trc^tmeiiCj 
be abo obluincd ia allcmaU: layers upon tlie same crystal. 

A lar^^L- :uuu1>er of metallic oxides arc foiin<l to be iBoiuorplnHm 
«liCQ untied vtitb thu^mc acid. Thcs\ilpb&tc!4of inoguesLa, of o\ide 
of oapj>cr, of oiddc of aeitic, of |>roto\idc of iron, of oxide of niekvl, 
of oxide of cobaitf of oxide of mnngiinntc, nnd of o\ide of cadmium, 
all cryUallize in similar formfi. Tbc ifoniorpliiiiTa of many aetd:»j 
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when united with the same base, auch as potash or Boda, ie not Icfls 
evident. Sulphate, scleniatc, chromate, and mauganate of potash, 
all have tJie same forni . and tJie isomorphism of tlie corresponding 
phosphates atid arseniatcs of soda is equally atriking- 

(Sz) Tlic following tabic exhibits some of the more striking of 
the groupu iu which the existence of isomorphism has been distinctly 
ascertained ; 

iBOMORFHOirS GROUPS. 
(^0 Elements, 



Diamond 
Lead 

Iron 
Copper 

Silver 



3 



AlamiDa , - - 
SoMuioxidp uf Iron 
Oxide cff Cliromiom 



Arsenic 

Antimony 

TeUuriuai 



{B-) Couipoundi^ 



A1,0, 



Ilmeuite Fc£i, O^ 

4 

Anenioiis Acid . . AaO, 

Teroxlde of Antimony SbOj 



SulpliidoH 
Amenidea 
Antimonidea 



'3 Eq. of SulphiaT »« 
i^omorphoua with i 
Fq. of Arsenic, or i 

^ Eq, of Antimony. 

6 
Poiagsium — compouadt cf 

Cliiorine KCl 

lodinp KI 

Bromine KBr 

Fluorine KFl 



Acid^ in Combination, or SalU of the foUoicing Acids ^hen united vitk ike 

same base. 



Phosphoric Acid (Tribaeic) PO. 
ArBunio Acid AeU< 



Sulphnric Acid .... SO, 

SelcQio Sc(l, 

Chromic CrO, 

Manganic MnOj 



I Molybdic Acid . . . MO, 

! Tuii^tic WOj 

j Columbic TaO, 

Chromic (in (he un- \ 

I usual form of Chro- > CrO, 
I mate of lead) ) 
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P^Tchloric Acid . . 
Permanganic Acid . 



CIO, 
MnjO, 



Baees in Comhi/tation, or Salts of the Jhllotuiaff bows wAenunited totik tJkv 

same Acid. 



II 



MagiiCHia ^"1^0 

Lime (in Calc Spnr) . . . CuO 

Zinc(oKideof) .... ZnO 

Cadmium Do CdO 



Iron (ProtoTtide of) , , FcO 

AfnngBnese Do. . . . VnO 

Cobalt . , Do. . , . CoO 

:Nickel . . Do. , . . WiO 

Co]>per . , Do. . . . CiiO 

Lead (in Plumbo-calcit^) . PbO 



oi»onrin»:u. 



III 



19 
IkrytA B.O 

Umt im Anconitv) , . C&<l 
L«d PfcO 

>3 

nfctinum KCI.PtCL 

Omiura KQ. IM'f, 

Iridium KCU XK% 



I'MmU KO 

Oxulu oT AaiDionlniu . > NH^ 

<5 

AlQinin* Al, Oj 

Sir^uioxiJt of Iron . . ¥tj O^ 

8MM|ttii>][iiUi>rrKr<>njiain . Or, C 
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vitli cTTBtadlisatiod lkH« hecn olwonotl in s« fon- bocLiea. Some 
»ulHtaii^e«r nUpliiir, for pxatnplcj nrc capable of lununkuig two cBi- 
■tmilftr fbrmt, aoconling ti> tbc tcmpt^mttiir nt vhich tlie ciytUU 
ftrc proHiicrir!, Siilphtir, aa it ih fntmc) rrvHtftltiv^Hl in nnl^ire, or 
aft it in ohttiinrd by the f^pontnntitTU maporstion of its solution in 
biftolphiHc of oar*K)n nr in oMoridrof wilphur, ifl (IcpOffitrtl in tb^ form 
of octahidra with a rliombic basu, vhynh in one of the forms of the 
4t]t, or prisnuitif? fL}-HU:in. M'luti obluiiitrd hy tlii^ «lo« coolittg of 
n mcltoil mnss of ftulpliur, botiitiful amlicr-coloun^ prismatic 
cryftulfl arv oI»Uutic(I, bcloiuriDjc to tb<- 5Cb, or oliliquc pystcm. 
T1)C9>e oblique i>riMn*» in the cuutw of n few Any*, at the tisiuil 
almoi^heric Kmiperatnro, beronK? o|>aqiie, Iomc their cohci^ioo^ and 
*rc gtvlmUy 0(>n>crt<:cl into a roii^'orien of octalieclro. A Kimil&r 
vfaauiE^ 191 |vrx)ticei iu the octahedral cryntaU by ex|>nMing tlicm for 
XMue time to a heat of about 230^, but the opacity i^ in tlii« cue 
<!uc to tli<* formation of priiuuatic citMaIs. Tlic crj'sttaJline ftie» 
of the tvfo forms diifcr, and cousccpiently the crystala belong to 
iliflfTCat systems. B<x1iGfi capable cif thus aHftiming tvo formi 
^[egmeinctdly ineomp&tiblc an- tiid to be dimorphoue. 

MaiiT other infltanccn might be motitioiietl. (!arbon, in ita 
pure stftte^ na it occuih in the diaraond^ i« erjstalhzed in the taC, 
or n^pihir system, in ociahc<lm, or iit allied formt ; in graphite, as 
it 0epAratcs from cnst irou when ixvvisX, it iL^uniei^ the »hapc of 
aii-auImI platev. vhicb hclong to Uie rhomhohedrHl xyi^nn. Car* 
nat<' of littttMiMiHlly otviin* in forniH of thj* jnJ ^j^iitcin, reiluciblc 
dcava^ U> rhoiiil>oh(?dra, hko th4>?feof Icdaiid npar, aiid it if« tlina 
fiirmnl by urycUahuuilion at low ic^nipi^raturen ; but ooca.'^iounlly it 
(HVtim ill tbt- re<ijai;^tlar ]?n?<tiiTi uf (lit? 4II1 Kysli-in, asi in the 
niiiiurnl an^uiiite ; and the luicroHCopie cry>tiJa whidi form irUcii 
the cwbonatc of limo ia ije]>OHitcd fiom ita aolution by cari>onic 
acid in water^ on tite application of a heat of 211^, liuvr aI?o thi? 
form. iG. Eo4C.) Auolhcr beautiful iutftaiu<o of tlila kind ia 
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alfonled in iodide of mercury. When this body ia heated, it 
fuac?4, boila, and is converted into vapour, which condenses upon 
the aide of the tube as a yellow crystalline cniat, composed of 
minute rhombic plates. The application of a sliglit mechanical 
force, such n-s a mere scratch u\Km a single point, changes the 
form from the rhombic tables to an octahedron with square base, 
and tlic chanj^e is rendered visible to the eye by the accompanying 
substitution of a bright scarlet for the yellow colour. 

Some substances are even trimorphous, that is, they crystallise 
in three different systems. Both the aeleniate of zinc {ZnO, SeO, 
+ 7Aq) and sulphate of zinc (ZnO, SO^ + 7Aq), and the sele- 
niate of nickel (NiO, SeOj + 7Aq) and sulphate of nickel (NiO, 
SOj, + 7Aq), according to Mitschcrlich, exhibit this peculiarity. 
Sulphate of nickel crystallizes below 59*^ P. in right rhombic 
prisms j between 59° F. and 68^ F. in acute square-based octabedra; 
and when the temperature is above 86° F. in oblique rhombic 
prisms. In the first case the crystals belong to the [irismatic, in 
the second to the pyramidal, and in the third to tlie oblique 
system. If the right rhombic crj'stals be placed in the summer'a 
sun for a few days they become opaque^ but still retain the form 
of the prism, which is found when broken to consist of a mass of 
octahcd ra- 
it is not unlikely that the change of tenacity produced in 
some of the metals by elevation of temperature^ and exhibited in a 
marked decree by zinc, is produced by some modification of their 
crystalline form imder the action of hcat< 

The inllueuce of temjjcrature in thus sub\'erting the direction 
of the molecular forces under which crystals an' formed, has as 
yet scarcely been made the subject of syatemritic research; its 
further prosecution, however, cannot fnil to throw much additional 
interesting light upon our knowledge of the operation of molecular 
force. 

(84) AUott'opy. — Independently of dimorphism, the particles of 
many solids ai'c capable of other modes of arrangement, which, 
without altering the chemical composition of the body, yet produce 
a very important modifieatLon of many of its properties, both 
chemical and physical. 

There api>ear to be four different conditions in which solid 
bodies mivY exist. They may be — ist, crystaliine^ as diamond, 
garnet, felsp^ir; 2nd, vitreous or glassy, as glass itself, transparent 
arsenious acid, and barley-sugar; i^rd, amorphous, or destitute of 
crystallino form alt<^ctherj as tinder^ chalk, or clay; 4th, orgamzed^ 
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or orrMiged in mtu^on, couurtluig of colU, Hbros, or incinliraitc«, 
LILc tbe tunusoif miinuiliof vFgelabieft, jk»lijiir, miw^lr, >ikin, woolly 
hark, 1«ave^ kc To tliew org&nixod Htnic-nire», m> furth^T nhu- 
iQon frill for ttic pvcwmt bo mode, as tli^y are protludbk only 
bjr the living orgaoism. 

Now, many stilHtniiccfl nrc cnpAblc of aflsumin^ indiUercntly 
any one of the fii»t tfiix*e «f tb<*c cotiditioos. Sulphur, fiwr 
esfiinpte, oftco ootufm iiarurnlly in bc«utifi:l octAli€dr»l cr>>ta]ft, 
■ad may nJwiiy* Tj^ olruineil iii tUix form by ulbwin^ iu soluiioiis 
to erapoinit« MpontaneoiuOy in tke air. tHicwc <rrr»tals arc v«ry 
btrd and linttle, and thcye^ilydissoU'ca^n in the bUulphido of 
cartwn. Bnt if a (jnaiilily of tho*e crvatnis be meltoii and Lcjitvd 
OcondeiablT beyond tbc lioiJiii^ point €f vater, and llien !<iuldm)y 
ooolcxi hy jiovimig into cold wntcr^ a tou^b, ficsible, trHiutjHir^iit 
subfltanre, of an amber colour, is procurwl, whicb may be kneaded 
111 the hand or drawn o\M iiito long tbrcads^ and m Icm easily 
inflaincd than onliiiaTy rndphur TIiih foniiK vitn-ons sulpbnr; bat 
if UiM i> kit for B fi^ff duya it becomes brittle, opaque, and partly 
cry'talline. However, it is not all ery»talli2ed» for if dif^i^^tt^ with 
hi#u!pbide of carbon, jiart only will be dissolved j the cr}-HUdU«tl 
I)onk>n b tak(-n up, and a bud'-coiourcd pc^wder ia left, which \* in- 
volubla 1 1 haft nocr}'«tallmc appearance, and ts amorpboita Mdpbnr, 
This, if mclt^xl by bmt, bocomcft as soluble &a before. 

Ill ttdditiiiii to thc»c alterations in coiiiHistcaicc, eoluvr, inHttiu- 
nubility, aud solubility, didcrcnce» in the dcoMty arc oinvrred. 

Octahedral sulphur ho* & H|>ccilic gro\4ty of S'oj 
Prianiatic eulphur „ „ 1-98 

Vitjpcom ffulphur „ „ 175J 

Corre^poniling diffcrciKHs in the ii|)«ei6c heat bare been observed 
ixk tboM di^nrrii: <<uu<Uiioiia. 

Now tVe%r. thrcL- (bfr^n>Dt Ibnna of Bulpbnr arp called affoiropic 
inodili(*jition« of folpbur^ anil the existence of the satne ftulnttaiiM* m 
diffi-rciit ffH-inw, each endowed with diiJ'ercnt properliea, H called 
aJtotroptj. 

Pho«>phomB affarda another excellent inectftncc of this ainj>:ular 
Mvic* of moriificatioDB, Pboftphoni*, whrn Imt prepared and aa 
ntid In the ehope^ is in tbcfurm of tnin^arent, ^e^ibLe, naxy-Iook* 
tiii^cka, which are of the vitreous vari<ly. lu tlu« foim it is freiely 
aoluble in bisoli^iiile of caHKin, melt* in warm water at a hciit very 
little above that of the human body, and ia m inHamniable-. tliat if 
left exposed to tlie mr, cs€!Q for a few minutesj in warm neathm it 
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!>«•» rthtnmrtl in cr>'»UiL% nliifli are equally iuflaiiuiiuble witli the 
<x»mninti form. But if phoaphorus be put into a fla^k filled vith 
tittro^'U or c-arbouic acid p&a, Co prercot it from taking fire, and be 
heated witb various precautions, to avoid accident, up to tbe 
luoltini^ l>oiiit of tiu (441° F.), or mlher lii^her, in a few Ihoiin , 
it will be chAnffed into a red pond(*r wliich, when properly puniicd,,^| 
may be cxpo«^i to the air without any dnngcr of taking fin-. In^^ 
this condittoti itdo^ not mtli until heated to 500^ or t:\en heyotd 
that tiMupeniture; and it ia quite iiMjluble in bmulphidc of cartxm. 
Yet it lA pure pKoaphoruA, although in the amor^ihous eondi-^^ 
tioD. By heating it in a retort or Ttascl, from wliich the air i0^| 
eicluded, lo bctwcm 500*^ and 600% it melts, and then cuiinot be 
difltiiipiiishcd from the original phosphorus that fumif^bcd it, la 
addition to the &ltemtioii>« m solubdity, <x>lour, iutUuDmability, 
&nd external appcTiJninri% tlilfcrencc» in the fpccific gnWtj tnd ia 
specific heat have Iwcii ijb9iervi.-d. 

Many other elementary tN>dieH exhibit these nllotropic modifi- 
eationit, uiul their number will no duubt be inneiut-il aM reatcnirbct 
in thb direction btriijiue niulliphedp It ib probable, indeed, that 
nuch uiudirK-'atioiia ejii^t ill all ihe deuieula, althijitj^h tbt? pro- 
pei'tjiv uf the ditfereut foriua ccrlaiuly are itot alnayti (h> dx»iiiuilar 
as in the rtu»c» aLrtmly quoted. Even in pcrmancut ^uca we ban- 
incUcatioiia of tdlotropy, the remarkable aub^tanoc osouc having 
bceti aM^crtnined to be o\vgcn in a partienlaily active condition. 
Tlic consideration of apcx^iid in^tanccH of allotropy will be doierrcd 
until tho properti4!s of the? bndtc* thcmfclvc* krc detailed. jVllotit>])y 
docfl not Appear to be conllu<^d to vlcmcntnry hodirs ; but in 
comprjiiitd^ it i« ixctt alwayn ctmy to dctorminc vhpthcr the 
cormpoTiding nuMlitientiont may not }yc due to altcrstiona in 
c*Hi^niieal csimpoHition, arising from a cluuigc in thn mcidn of 
eoin1)iuatiou of tlie difforeut cumj)onent elementarj hoihe-91 witli 
eaeh other. 

It ia certain, whatnver be the canaea which thus ififliien<% 
molecidar arran^ccment, that the particular arr&ugcment which 
such cauaea may produce in any ^ven case, ha» a very uuucrial 
influence in modiJying the phyi^icnl properties of the body, 
AVbcrc a body in homogeneotis, or wlieu it is symmetrically 
onUDgcd, OS in tbe crytUU l]elong:iug to the regular ftyat4nDt the 
tranMnkMion of li^bt, the r\|}jinMon by h*^t, and the conductinj* 
power ^if tlie body for heat, m uniform iu evi-ry direetioit ; but wlien 
the molecular forcea, aa nbcvn by the form of the uiystal, arc m<ffe 
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powerful in one direction tlun in otltcrw, immcdiftUly & oorre«pc)nil<- 
in^ irregularity in the Oi'tinu of t lie body nn liglic, oud in its I'a- 
paDHTU iwd condnctini; powcm for hctit, tnuy l>c traced: |)robub]y 
Bimilftr trregut&nttttft would lu< found ia ite power of trftUNnittiug 
aoumdp tud Id allowing tlie poaew^T of eltiuLricit}- aadmufuHtflui, 
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(85) The ffflfoe of light whicli, opcratlti^ tbrongli ihc eye, 
gives civrd^e to the tense of Fision, is one vbich, iiiitiL within the 
iMt frw yeam, would hfiTc bi'cn tLoit|;!it to have litUe <!onn(;xioa 
with clwjinifltiy. Now, however, ihc case is otherwise, niid aa 
ftMiiiaittUmcc with the fundanicnliiL Llw« imd properties of lifsht U 
iodittiit-nMibk' to tbc chcnmt. The pby^kal <hfLructcr«of an obj«!et, 
CTVL-iiJtHl by it« action on iight, arc often of the greatest L-hcsnicul 
Vftltur. OiffcrLtKM^ in rci'ractive power, for «xiLmplc, furuiaJi iu 
tnftj^ coM^ the cncAt rapid uiid sutuit'act<}ry proof of Ibc ^miiue* 
ueee of UD c:wci>tiiil oil. Vorii'ti^^ti in the ainount and direction of 
cirenlar polnrisAtian idlbrd the hi^t m«uns in ocrtnin oxu^ca of 
Mrivin^ at a knoulvilgi^ of tUe varietii^a and proportioun of ^n^r in 
cninp]<aL «a<Toliariue liquids. Hy tbe action of |Kvlurijwd light, the 
OiAmond and olhor preeioua g^nia may be dijttin^uiiiticd fronk 
^porkitiK imitations. 

But brwidos the >9)istaTicc thus affordeid to rbenaifttry, the »- 
wudkea of the last fifty yeaiB hare been grail uhHt developing the VMt 
iDi]ti>r1aitce of Ught u mn agent in protUicing the chc-inical chati|:e« 
whicli are contiiuislly in operation niwn the siirfucc of the cairtli, 
and they ba^e at Iciif^th ;<h(>wiL tliat thi:t wondcrfnl einaiifiiion from 
tlic sun, is. conjointly wiLb heat, the maiuAprinif which miun<* 
taiuft tiie clicinieal actions, aiul with them tlie cxiitteuce, of all the 
varied forms of organic life which teem around us. The faAtion 
of nirboii in the \'egeUiblo creation, the aecnwulation of mau^'riuts 
for our halHtatioQs and fc^ fuel, and the nuLiateiiuice of a unifurnj 
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conapOBilioD m the abnoei|j1icrc, may be mcntioacd in tUustrntion 
of tUc impor1nrx!c of ix» dicmica] mHiodh; wUiUt the new wid 
fiucinotiji^ nrt of |}|iot4>j;rapl)}', ^vo» proof of the rapkUtj tad UiA^^ 
mriot^' of oliuup^ which it ]>rofluc«a. ^H 

Th« mrontigatioti of the Uwd of li^Ut belongft to the tckmce of 
optice: ill the foWovrm^ y^^^^r therefore, rvfcron^ will only he 
nude to 901UO of its pnncii»tl propertie«, vhich will be a noccsvairjr 
pwparftlion to tbc ntndy of its olnMniml pffivN, 

(86) Sourr^f^ Light. — Bc*ifU» tU<^ great ^ourcicw of natural Hght 
nhicli crxiAt in the nur and the lirtvcnly boilicA, thorv nre «evcnl 
modes cf |irw*tiriiig llfiht hy nrtilicial mratut. fl*hcne\"er any hAA 
ol^ect ij* rjiiwtl lo H higl ieiiti)enil!ire iln-yotid ^00*^ or looo"* F-), 
it becomes hiiniuouit. A rurrciit of gaseous matter nuy have a 
temperature of up^anlb of 2000'^ F, uritliout bcroDuiiiff tumiiioiu. 
If, however, a solid be iulroduced J»to aueh a current, it be- 
comes himinoiiB and throwa off light in at) directions. T!ie 
colour of the light varies with tbe intensity of the beat- ^NTicn 
first i>rrtHi>til)lo it i» of a iliill rwi cokiur, arul iw the tciDpcratnn? 
rijN* it panftc?* throitgli oranj^e nntl yellow into a full vhite, which^ 
when tlie hem htTgine* extrwnoly inti^iw, tt-iNuint-H ^rnefhing of a 
violet tiijge. All our artificial lights deirL-iid (]|kiii mu^h aji i^iition 
Df solid matter, in tUo intcufie lieat developed by the dictnioJ 
dumges aticntknt on cotnbnstiou. One of ilie mofit renurkable 
itutanoes of the production of light in this manikcr^ if atTonled by 
directing nn Lotted jet of mi^cd oxygen and bydrof^cn gases upon 
A pieoe of lime ; the bunihi^ ^ut alone givc»« scarcely any «ctisiUc 
liglit, bnt the ni<mi<-iit tlic limi- ^x-onR-« thoroughly hcvt^^ tbfl 
hrilliiutc}' uf thu tight Iwcunutn too great fbr the eye; to bear. 

Sonur tmbfttniMToi of miucro] nrigin, wlicu gently heated, cnut 
a l^blc lif^ht^ wUlch in a nlmrt tiojc c<'A9iCi, and cannot be a^a 
renewed until i^ner the body ban l>ocn exposed to tbe light of the 
flua, or to thiLt caiittcd by the discharge of a Tjey<kn jar. Natire 
phosphate of limOp or phosphorite, and a nu-ii^tv of fiuor aiMJ", 
known ais rblorophnne, ndiibit the plienorn<nian rccry diidi»c(Jy« 

Tin* oxintMicp of pho"phore«4ceiioe may bi- recoRfuiwd in tbe 
aninial kingdom, Th(*watm» of the oee^ti in different parts of the 
glob^, aiul at Hiffi'mit times, sppoftr lo l>e entirely luminous from 
the preatmin* of omintlcju liomtn of lntninon<i animftVenbp. Mo«t 
usually tlic light nf th#- ma Appears to be dei-elopcd only by a^lA- 
tioa, and the crest f>f evn^- wave mny often be neco lo be tipped 
witli a beautiful fringe of pale erccn light. The glow-worm niid the 
firefly offer other familiar iiutouccH of tbe same nature, Some 
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kinds ckf AColopcudn, in pvaaing over the grouncl, luiro a ]uminoi» 
trail bclutid tbcm. Witliiu ccHaui limils, tlUa poiv^r or emitting 
light Ap|>ean to bo untlcr tliO contra! uf tto ttuiinal^ mid it gouca 
in a itw boim after viuJity U destroyed, 

Sra fi^b, in gcncTiLl^ fioon nAer <l4>Alli, oxiiibit a liiminoiu 
ap^AmncOj ntirl in pntticulnr viliititig, lierriiig^ uitd nut-^kon.^] ; thfi 
light in nost tDtcn«c before |intrcliictK>D comrocmces, and gradualljr 
i1i.^ipfH*ars %jt doiximpfmitvm prrh^rrda. In onlpr to oW-n'o tllA 
|ili<uu)inm<>n morci tli>tiii*:tlj, rh« fish ^hoidd lie giitt<*d» the roci 
and yfulcTt rrmovcd. The (-ntire fish, »nd CTp<t?iMtly the mA 
roe, exhibiu the light. By pTuciiit: soch liunitiotis li^h in ireak 
Batine solutioiit, ntcb i* tlwwe of l-ii^om *,iit*, Glnuht-r'* ^oMm, or 
conunon salt, thej Kkewittc bi^cciTiit? luminouri, and the apiTearnn^e 
&>utiii*u>5 for fotoB daj»; it U parjicidarly vimhl** when the hqtiifU 
arc agiiatcd- The lijlfht is quickly e7ilin;rui»hecl by the addiEioa 
of |HiPC w*tcr, of lime water, of fenucntwl Itquida, of acid and 
ftUcnlinc liquids, &tKl of »tmn<^ saline solutions in gmenl ; thcce 
■ahnc «oluttoiv«, however, on l>cing diluted recover tl^eir lumiEionity. 
If ihe &h be cxpooKtl to a etJd Nu&ieient to frivsc it, the Luniinoiity 
dinppeara, hut it rcturos vrht*» it ih thu^c^th 

Ihe same 6Bct ban been obsrcnefl of liuuuious vocifl. A tern- 
pcmturo of aboat lOO*^ »eemA to be tliat nioAt favourable to th« 
appearance of this renaarkatile Uj;ht; conaderahly Wow 212% it 
diaippcara, and the facidtv of a^in )wcomin;< Ininiiions is spce^iilj 
dtttrojrcd by the continuance of the beat, (iltdme, Phii. 
TnmM., 180a) 

llie tr«o«icnt light of the electric ^ark \» fiuniliirly known ; 
but electricity may Likewise bu made to give a cuntiiiuoiiti and 
abiuidcuit nuppJy inflight. The ignition of e-barcrci<a] points hetArini 
tlie ttin.-> uf a voUau:: tuttery, may Imt imulu to yield a liglit which 
dautea the unprDtected eye. Attempta bare been mitdc rcccatly 
to apply ihut hght to tJic purpoace of iHuntination oi\ a large acalc^ 
tbongh a* yet with rej^" imparftiet rotult^ Otiier leas impoftMit 
aourea of light, such aa the friction of two piooea of quarti or of 
loaf «ngnr, may also po?«ib]y be of clMtrieal origin. 

I'ight » Hkcivikc derelopcrl, nnder e«rtnin eircuintdatnva, in 
the net of ery^talliEttion. Whpn \\iv rramtpairi'tiL form of 
an^miont aeid in dift^vrd in hot hydrm^hiirie iicid, Ihe liquid 
aa it enoU depmtA rrT^taln of opaque whit<* arwmiooa acid. If 
the proce«if lie watched in a darkeiKxl rootn, the aeparatioii of 
each crystal will be nern lo be ai-comptinied by a faiut lUab, 
Fuaed adphute of w)du, and one or two other vitrified aalta, when 
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dUHolved in wnt«r stut oryHtallixed, exhibit t1x« mloio pfi4^omcD0n, 
wKtrh a|>poaiv to Accompany the InuiAjfonnalion of n Wtrcoufi itito 
B cTjiitnllitM* fioJid. 

(87) Thf^-irgfifLight^Untiuiatifint. — Twn Hypntlirsi-fclinvfilweil 
prvtjMwrfl to m*<*r>imt fnr ihr pbrrnmirnn of H^Ht, TTp<i[i the first 
of tlu^3M% Uir Llu^iry of firiuinir/n, it Ja imiigiiiiH] that all ]iimif>ouA 
hodie.<i tof. fxtn^Uiniiy tliroivini; oft into !)|iace a lutninoaifl Tnaltcr, 
ibo partideft ofwUurh are itictinreivably minute, ami arc projocti 
with ft velocity ec^iially inconceivable, Thesp particles, when tb' 
&II upon any object, are reflected more or leas completely from ii 
surfaces; and, eatcrint^ the transparent portions of the e}T, TonA 
images npon the retina or c^pandc^l termination of the optic nerrc, 
wi<) arc by it tratismittcd to the t>tain ; the result CDsblini; r^ 
pce the olij<rei from wliioh the light was reflected, 

r|M>u the se^'i^nd hy}K>thcsit*, tijat of undiUttiitm, recoarsc 
lukil to tJie MUppor^itioii af an elastic medium or etlier of incon- 
ceivable tenuity, filiiujf all space and the iiilerstices of all material 
objects. This mciiiuni is not li^hl itself, Init it is siiECcptihle nl 
bcin^ throiru into vibration b? impul8c% inccs^antU' emanating 
liom nil luminoun objects. Portions of the vibrntions tht» (Txcitrd 
are eoUretctl by the lenses of the eye, luid throim upon iJie 
retina. Upon this theory, then^-forc, the phenomeiia nro explicable 
upon a inechAuiMn Hiniilitr to tlmt Ijv whicb tbe ribnitJouH uf elastic 
media nn: knovru to 1>e pn>png;itfid ; stueb, lor exnio|ile, an tljat W 
which the nndulutioEiiH of the utmoapheru ore uunveyed to tbv 
car and excite the seiuuitiou of nonnd^ Tliv ether by uica&» <if 
wbicli Ug^lit is tmuHuiiUed, chou^ch [Krwi-aBtxi of inrrtiar ^ lol, like 
die atin(jBj>lK-rc, aflceicd by the fortr <}( ^-ruvity. 

At present, tho theory of uudLdation i« all but uniTervally 
wlo|)ted, iMit a0brd% the Tuo«t complete ox jjlanation of the fiu'ts u 
whirh tijo science of optics is bawd- The aualogio* bctww^n ligh' 
and Hound mt? not thr lofli^t striking snd intcroAting nmrnifptt 
pmt^H AihliLceil in its «np|>ort, 

Ind*****!, it will greatly frtcilitate the comprrhetminn of tlie 
meeluiniffni liy whij'h light m propn^tcd^ if wr fmt examine aome 
of the pheTKinteim of rtound, uhic^b iidnilt of being traced in a 
manner mnn- dire<'tly appreciiiblr to romnion u^pteh^nsioiL 

(SS) IU;utrution» ttf VntiHlutionsfrojii the Pht^nomena of SGfind. — 
In the Brat pUce, we liavE^ abundant evidence of the &ct that 
sound, vhcncYcr |>roduccd, arises from a Bcries of vibrations which air 
ooca*ioiief1 by any sudden iiniiiil»!, such as a blow (x>nimuiiicatrtl 
to any *uWtancc xwssoswd even cf a very alight degree of idastiney. 
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Tu otlier word*, the iuprciuion tvbicli we roociTC u> due to tlio 
ribnUMD into whidi the lurlif^lt?* of lh<^ w>uuiUti^ bmly arc tliroun ; 
thMO ¥ihrationft r^acc upcm iiu HA-<;i<^ milium, »i«*h ju (Ur air : tlw 
impalies are communicateil liy iliemotton-iof tlieparliclfH nf nir to 
the ear. taxi by rcactiou upoti tlic auditory oerTCA, they etctiti^ th« 
wose of Ikcaring. 

Tlicec motioiis or sounding bodies are frequently not too rapul 
to be triu-vil by the eye ; for example, a. stretched Btrioff wbil-it 
foiJiidiiif!; may be easily seen to be in rapid vibrntion. AgaiD ; if 
ft ir>blet )»c diiftecl over with u little Mind or any fine povdcr, ariil 
ft riutin lx)w be dmwn octjjhj* it* ecigt- «o ni» to elicit r sound, ihe 
(uulirleH of diJAt will W bmkly n^ilatecl. Ant! ii: tlic eomtnon 
ex[ieni»eat i»f tutif fdliiig a tiiiger-gluwsi vith water, and prxKlunn^ 
a unu\{\ by draniiig tbe moiHtcued lin^r alon^ iU edge, tbe witter 
wiihiut wbilit the Aouud laat«, is beautifully rippled to on (^t«ut 
romsft|)0]iding witb tbe Icudness of tbe tone 
Tbeae motions are also distinctly ritibic io tbe 
proDg* of a tauiiig fork ulitht it is in tlic net of 
pnxlueing »oun(l (fig. ^^2)- Tb(TW vLbntioiu<^» bow- 
ever, to reiHier them imdible require the interven- 
tion of an ela*ticr nidlinm m i-onvej" ibem to the 
ear. If a M\ \k stu-^pwuled ia the remver of 
the air-pump, and rtiriK-)^^ it vUl be dintiuctly 
liesrd irliilnt the xe^id ia full of mr ; but ua 
till? exhauAttou imiet-inbt, im reptaiiti;; ttic »tix(kc, 
it will ifiadtially bitxmw: fijcblcr, aud aX laat will Ijc 
inaudible, ur ucaxly ao- 

Otbcr Ckcciia bciidca uir may, however, be em- 
ployed for the tntiUfHiifttLidii of eound* A bell, for 
instaikeet may bo rung uodcr water, and will \)c 
heard by a perftuo tuider water at rvcii 11 greater dit- 
tanco titan in the air. Wood will alKO tntn^init 
ftotind freely, and to "till greater di«ti;ncoK thiui ntmospberie air. 

The»4e inipiil^c* rfv|nir(> time for their propa^fation, aed the 
rate of propagittion vnnej« in dilfen-nt i)odic9. ^oimd travels, for 
fsomple, at tbe rate of 1 1 30 feet in a seooud, tlirouf^h air, of 4900 
(t^ thfoogb water, and rrf 1 7,400 feet i^er i>cccud alon^ a dcnl rod. 

1'he inteiiiaty of M>nud, like that of all forced radiating from a 
centre^ dinnniHlioa gu^ the (i()iiare of tbe distance ; atid an it ia pro- 
pafCBl^d in wavea or undulations, it '\» subject to rcfleetion from 
oba*ai-le-'i interposed in its course, proiluang the varioua kinds 
and fonm id echo. 
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(89) Soiiu^jf clifTer from cadi oUicr in Utudn<s9, gvalUp, nnd 
pUcL Tht louiliK-w of a vouuA dqictitl* upon tlie oxu-at of the 
ribratm. A tmnii;: fork lifiratrnjc frt-elyin the air producti^ on! jr 
a feeble aoand ; but if ihe kaiidlu be placed upon a uUe irluLtt 
the pTODfC^ arc vibratuig, Uic wooden surface is throirn into power- 
fill nmuliAii(M)i]& vibration, aud a loud soimd is cMuittwl, Quaittt/, 
or tiiabrc, dtpcnds on the form of the souuding bodr, and the 
nature of the matLrial c*ompo«iif.f it Successive impulK*a rapidly ^J 
folloniiig exuih other nt irirgnUr intcTMd«, coEiKtituU a nouom 
or caiLtiiiued otouiui, like tlie rumbling of cmrriagea in the street, ^ 
or the rattle of uia^hiiierv ; btit when they follow at regular 
interrob, with a velocity exeenliiLg luitecii ^ibraticHu In a necond^ 
they produce a musical note ; the pitdi of the note depends on the 
frL'queiJcy of tbeac vibraEioiiB ; tljc more rapid the vibratiODa 
sharper decs the sound bccooKr. 

ThiJte facts may be rcsidily verified by prewingacanl agninsti 
Cftge of It bjothed wheel, nhieh is made to rerclvc mx lir^t nUjirly; UiS^ 
distiuct nLrulutn t»f tlie ntnl a^^dii^t cuch eog arc licanl oL Cmi; but 
bv iiicnr^uiin}; tlic rapidity' of mtatioii, u \vw hauitiiitig note i» ^vcu 
4jutt aud ja the velocity uicreiuic» tliu nuuiul beixMuOA more 
acute. 

Muueal notes all lave a fixed ntimcneal reUtton to each 
olltcr, each oetar« as the ttunlo a0cH:iid» buvixig tuicc aa maay 
vfljirations id eijual iuterv^ of tdiue aa ttie eonre^poudinf^ ooto 
of tho fkct.ivc iiuuirdiAtcly below it. Theee ration are eiliibtted 
the anuexfd table. 

Bath of Harmonic Sounds, 
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tn thb Uh\e, s tuniuf^fork ia coDKidercd to have mmAc one 
ribmlioti wbiUt tite prong ifl |iaaBiu<- from ci to ^ [fl^^ ^z), the 
return motion from b to a being rcckoued an a second ribnitioo, 
ftft in muntiiig tlii^ limU of lUo penHTihim. 

Thr (\irthrr t^iiniflrriitJiJn of this rtjTijc^^ woiiM, Ikiwcv^ be 
im*1f!vnttt ill n vroi4: on cUrmif^tr^-, iim it hlh urulrr the iib}-ucal 
ttcUriice &f iin>ib<li<*9t. 

It mrcly luipin^nH IUai all tUr |iariicW of n founding body are 
nmidlatieouplT vibratin);. A lioiioiiiiig \ttn\y ^-ncmlly dividca 
ilaolf into porCuni« vibratiig; iti o|ipoMiit^ directions ; the inter- 
mediate ixviuta or line* are quip«^eut, and these ijmei*eent fiortionA 
are tri'iued nodaJ tines or points. If a Hat |)lalc of f{la?B tie Wld 
faohto&tAiLj br the pornt of the finger and tbumb about ita centre, 
UitJ its Bur&cc T>c «;>ritdcli?d with mtul, on cli<iting a mtuiciLl iinte 
by ibftwing u violin boiv atTtwu it» cd^ the suicI vilJ accnmuJate 
ou Uio stutioniT^' pnru, mid dmrly diov the po»itioD oftbo nodal 
lint's. By aUering the iKiint^ at wtiich the giuw i« held, the nodal 
hni^, and the note ^hdtt'd, may be ouult? to uode^ a variety c£ 
jntereMiiig changea* 

llie amount of force eierte^l by llic afcumulntion of tbew 
minute molecular niotioua i& ciitraordiiiary. A ffat oci?asionalLy 
pcrfonucd by a povrerfuJ tuu^r is to er^*k a glass by swelliDg h^ 
\xMce upon the note to which thi? ^lasa responds, Savmrt ha^ made 
scimv im|K>rtuTit ex |)cri meats in rcladon to this subject, {^iitn. dt 
GdmiCf IL txr. 3^4') He found that a rapper IhuiO io foet 
lo"^. A indi vriile, Vj ii^eli thiL^k, will siutiun a «rcif[1it of 9c lb. 
wiihtmt Ivcvotiiiii^ pciXTptibty Imigtlicncil, but if niadr to vihrnte it 
will becotue kngthcncil 6 or 7 iiicbcau In the 5func way, a cj'hndcr 
uf bruan i^yy inch in iliametcr, Id^ftlicncd dnriti^ vtbruttoa by lu 
mtit-'b aa wouli) hfirc-^ roiquirtrd the a]i|di<'UtioQ of n diroet stnun equal 
to 4000 lb. It is nc«dle«v to tutti^t on the iu)|>ortaut praotied bearing 
of tltese f»ct» on the eomtmetion of uietiilic tuac[ituery liable to 
rcf^ulju" partial oscillacioa, however allf^ht or apparently trivial «uch 
vibrations may be. 

The ciperiments just detailed, will jOiow in nliat uay it has been 
clearly a«ecTtfi in ed that it is by wioccssiTr regularly recurring mfrtions, 
or nniluhtions, that sound if jiropa^ted. A similar principle lias 
been vith gn^atsucccssapplied, with certain modifieatioiu,totracethc 
yd moru intcrvsting uihI complicated phaiomcna exhibited by K^ht 

(go) MtcltaHijm f^ Unduhivm. — The mode iu which the 
tindubtiiuui of lijfbt are transmitted may l^e ilhi.*<trated by looady 
£trct<:hiiig n long eord and striking it near one end; the iiKtiioa 
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will 1w propit^tcd in mif^ooMivc im^^rN from one rxtrrmity to the] 
otSnr, paoh jM>rtic>n of i\w novd \MW>niitifs eilttfruntt-ly firnt bi^heruxl 
th^-n IdWfTlJiJin tbcrjKiiifion whk'h it luwumes wlien cit rftrt. In tbe ^i 
pnxMii^t- of n rxy nf liglit, t!i<^ nintion«of the fmri'ic}^ nf ellier inters ^M 
poHed bflH'wi^ th<^ eye. and ilif' lumiimiift ftbie^Tt^ will, lik*- thow of tlid 
cord, be &t rigUtatiglcs to the track oftlieray^or to that line in wliich 
the wave is advanciDg, and in the saiDe plitne a» that in vbidi the ; 
impiUfto w&s given. If the cord be struck from above flownnrard«, 

the w«u-4i u-ill ])c iipwanU mud 

Fio. ^, downwanb; iflauniilly,th4^ wavf« 

a will oc^nirfrom wdc to wi«!e. JUet 

^' ^'^XA/ ^cHizPtT^ 11 » (fig, 53) l>c th^ dirw^tioii of 
S' tlie ray, the motion of the par- 

ticles of ether will be in tlie 
direction a b, at riplit angles to the course of tlic rav. 

A similar movement takes pl^tec? in water nlicii a fitonc ift dn^piMxI 
into it, or wticn ]t« siirtacc is ruIUed by a breeze. Tbougb the 
motion ifi |tro])ap(tcd Irom the point stniek tovrardi^ tlw edges, in 
drclt'Bi contiiuiahy widriLuig, the p:iriick"¥ nf the lluid tbcm3<dvc(i 
do not truv«] onvanU from tho <rciitrc towards th*? cirrum&-rencc, 
but are altcniuif-ly clorattrd und dj^prt'jHC^l, wt may Ike »et^n by 
iratchinj; ttie movements uf a onrk or other ii^ht floating object; 
vttch verilcal Hue in f^nocri^^mn receiving and tranainiltiii^ the 
ntotioii produced by the lln»l ini[»ulae, wbicli pniduallj- diniiiiisbcv 
in iiiU-iiaUy aa the *«]iiarrs of the diauiiice hn^tvatu:, and aa lb© 
circle becomes n^orc iritt^ud(.-d. In elastic media like air, the pro- 
pagation of force i» slsu cflected by uiKlulationr aji in tlic ptirtionrciw 
of lujund ; hilt in them the ]>artiole* undergo allcmntc condm^utioo 
aud mrrfWtion in the i^naio direction lu that in which the niotiou 
la commnniruitcd. 

(^l) ]ludip» through which light paints frctdy, mrii tut ^lu** of 
air, are fcrmni trannporrnf ; thryalluw rdyra^tm to \m* imw-ii Ihnnigh 
them, vrtiiUt the miijority nf i.»W.Hm*rs ivhiciv lik** wowl, metaJi, 
fee., do not alUiw i!;* pjuouige, nrv. dt-MJgnatM a» ojmipte. No mib- 
stance, boweii'er, Ik perTi^tly transparent. The piireat air nrreaia a 
portion of light. Dr. Yr>nng i-sUniatea tHat tlie harisontal sun* 
bcaoM vhich i>a>^* through afK>nt 200 miles of atmospheric air 
before tliey reach the e>'e» poases&a only T^m of their original 
intennty, A column of the clearest water seicn fe«t in depth, 
armta ont half of the light which falU npon it. On the otlicr 
hand, there is do such thing as perfect oiuunty. Ooldj vliieh i* 
ODD of the d«iuc«t metalj^, may be banLiiercd out into very tbiu 
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Iravcfl, vhidi tniiHnitt a RTvcn lijj;lil if Ibc mcUl be pure, ntid a 
]>ur|>li#h lig!it if k to ftllovod ntth mIvct. Bc1«€ca tlic ciiroiiK« 
tjf ^tiMtcitf nnd InuLttpnjvnc^ are innumoirablc gntc1<iti(in». Bodies 
rary prutlj in transiiuenty^ that in, in ihcir power of trjuunnittiog 
tipfUt^ Poivclain ift n tmuflluomt body ; it Kfr-ftl:* up th<» rny*, but 
tnmimita n Hif^i-inM light, tljon^li it Jnen mit aiklriv thi* form of ui 
ol^fy-t lo lie wwn if intorpjweH Inrtwiwn that ol^eet uiwl tKe eye- 

I^^ht iinhrn-rU tlmmtfb nU iKiinojfrurmTw tr:tnK|izinriLt rn^lifl in 
straight ImtA from tbt? obji^rt, luiil tUene UneA railuitt? in all direc- 
tioQA from a liiiniiiouR |»mt. llie luith of the rajB in a direct 
line may oAcn be traecd acroes a tlarkencd room into which a «uii- 
U^tn i« lutmittcd, by tlic fluatme; particles of <ht]>t iihicli reflect a 
small portion tit the li^ht in ditfcnrnt p»rU of \U^ course into the 
eye of tW i>b«*Twr. Tlic incir paw^^c of li^rht tlmiii^li n traits- 
parent object drx^ not t^xcitcr thr Kcti^* of viKioii^ nHthcrr can the eye 
tnck ita clircction, unli^wt tlitr vtbrutinns he carried tovardft thf: 
obeorrer by reftectiou fnmi tbe nurfaci^ <if some material object. 

Tliu impres^n of Hj;ht \x\ion the retina la;(ts Ibr a brief in- 
tcrraJ^ Tin-inp in different persons irom iS to 1 of a second after 
tlic liflit itiK*If has ceased, and (^v^ me to many ruhoiiH effects: 
for ttut^iucc, the act of bLnlunj; produces no impctlimetit to eomect 
TiAiou : a bright point made to fctoItc mpicUy in cliu dark a 
■eea aft a luminotiK circle, and thcjct^t cif flame vhieh in tirenorkA 
are wLiriett n^niid before the eyi'M of the apcciator, aatume the 
form of wht^'Iti or Atatv of fire. 

{<)£) Lvu' of Diminution of Light iy Dixftrnr^^ — Vheii li^bt 
tlWcrgea fixiiu a ImniiiotiH (Centre, ita iiUcuHitv^ hke tliat of all 
radiant forcen, diiuini^Uen not Oinx:t1y as the diatauec, but as the 
■quarc of the tlistaiK.'e, A UttJc c^aiisivleration niU reuder the 
reafion for thi» ob\'ioiiB. Suppose the Htune of a candle or nny 
InmiDotu point to be placed in the ccntjic of n hollow apherc 
2 fvct in dinmeter, iCff light ^ill fall upon thcvholr intrmal ■iirfnec 
of the tfphrre, and the candle will l»e i foot divtant from ecicK 
point. A HjitATC! inrh of that mrfaco will rtMvive n ;^ven aniouut 
of lighL Thrt tamr rsitidlr, plni^*d m t\w niiddh- of a frlo1» 
4 feet in diameter, will br 3 f<<<-t di-ttanl from each point of the 
njrfacc, or dmible tJie distance fhai it vrn* in the first globe, hut ic* 
light will still ilhiminiite the wliole i>f th« interior. The surface 
of ihe «ccoim) globe, however, ia fonr tiraw ^eatcr than thut of th« 
finit, bt*cau*c tlie surfai'^ft of spheres are to cacli oilier as tlic 
jM]iiare^ of their radii ; in thii^ ea^ ae r : z% or aa i to 4. Con- 
Bcqueutly each point, or each inch of the siirfiwc o( the latter 
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^h^TC will only reooivo om^-fburth of th« light th&t fdl on nn 
csiuoJ Kpooc iti tlie mnitlW gloliCi aiL<l yet the o^iijitlo m Aiily tirice 
»a fiu- fi'um it; no, if ihr gUj^K? wrro 8 fcv>t ncrfMii, thr fUiiUuice of 
the oAniile being now 4 tinifsi iw gn^ftt na in the fintl ^li»1>^, the itir- 
fikcc to bp illnmitmtiH) im rfS tiiruv na 1mrgi% Aiifl r^ineiiiifntly ft 
square iiirh of the 8-foot glolni wmjH n-^^iic? only ^V of llie liglit 
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that fell oil a square intA of the 
t-foot globe. A board at 1 ynri 
from & caa<llc recciTcs a ccrtun 
amount of light, Qt 2 jard« it 
rci?«ivics i of that amount, at 3 
rariLs J, at 4 yanU re ; mid ex- 
periment fthon-K that, at 1 yard di»- 
ta»c*Cj a hoanl I foot .^juare woidd 
ca«t a shadow th&t uoiild rover a 
Mord expomng 4 times the ftiir- 
i^*^^ facr, or 2 fert in the aide, at a dis- 

tatice of a yanl&^iw sht>wij m fig. 34- 
(93) Ai3 application of this lavi alfords a ready means of approii- 
mativulv determining llie relative iatcEiMiici^ of two hgtitis which 
do not differ greatly in colour. Suppo«(.% for instance, it were 
ncice»ary lo fl-**ri'rtain ilic iUuminntiiig powiT of n giin-light burn- 
ing j cubic f«:t of ga« per honr, as conipari-<l with thut of a fiperm 
candlv btimiiig 134 gm. uf Mpcnonccti |M^r hour. Pbu.<c ut the 
dJHtaiice Miy of too iti^rlitai fnjtii tlie gaot-Uglil, a ^t^TlitTul tcreca of 
white f^ihTt &nd in front »f thin, ut an Uich di&tancc, a tiarrotr 
atrip of wood or UkClal, i»o as to citnt tt definite sluuiow. Between 
tliO gas-li^ht and the XTrccii plucc the cimdlc, at such a di^lanro 
that the f^hndow of tlic Mooe object eitet by llic cntuUc upon tko 
■C9^m fhtJI have o^ nearly lur powiible the Mime intematy t» t1 
prodncctl Ijy the gas. Say that the di^tfineo of the eanfUe froiD 
the Berocm i* ^y"/$ inobc«. 't\w shadow from rnch light U illiunl 
natnl by the ruya prrirrediiig B-om the otlier light, If tho ilindi 
bff HCiwbly njuul, tho b/^ht fulling np^n the «'n*(?n fmm rjirli Honmfl 
Ti)uat at thjit di:»imier- Uc opially idso; tberH[itii-o. int£]iMitie» of 
tvo Ugbta are theu found 1^ iqnunng thn distancca of t-ac^ 
from the aereeu; the gu^ti^cbt will cuii!K-<in<riitly cast a light which 
bears the f^mc proportion to ihat of tlio c^indlc as 100* : 27*73' ' 
or as i5 to J* 
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■ AV'ben light follfi upon any objecrt it mfty be durpoood of m 

I tfarfc fliffi^reiit nmys. t«t, it may cither be bcut hark or r^JUettNi; 
r and. it maj- he alloircd tr> pfts« oo in ut alt«^ directimi, Ui»t i«, 

bit may be tritnsvtittvii ai»l rtjrtifted ; or, jrti, it may di^pear 
ulto^tbcr, and be afm/rbtd, 
I (94) Hejtiction. — If % roy of lifbt full obliquely upon a flat 

polished surfACftp a lar){e pro|M>rtioTi of tfiu inrvVfi«/ rays, or tbtb 
which fiUI upon the turfacr, ia rctlocled or throvn off obliquely, 
at ail equal an^lc formed on the other Btdi^ of a pi^^ri^'i^'^J^^l*^ 'o 
Uk! poiut iif iticidcfkcc. Fig. 55 is iiitcufled to liUibtrau^ the Uw 
of ndlection. If in thi» figure t \ nrpre«eut the ind<ient i^y, m ki 
the mirror, p n a (HTq)fndicuIar to the point of iucideiice, p x 1 
will be the niigle of ii^uk-iicc, n a the reflected raVr and p x r 
the au^lo of rcDcctioii fonneEl between the same pei'j^cndicuJar 
and the nrdoctcf I ray. 
n The law wliicli n^latts llie reflection of light b cxprc^^cd by 

m saying that the angle of rcdeetion is e<|ual to the angle of inci- 
W dcnoc : the iitfidemt and the rctlertcd ray are alwavH in the vame 
plane, and tliat plane ih perjicndicidar to il»e reflecting #urfbee. 
^A'hifii tlie incident ray i» prrpumlieuJar to tliB surikcc, the reflected 
my t« thenrforo ahw perpcuclicubir, luid comdilcd wkb the ineldeot 
rn^i but it dues to in no other ]>o3iilioi]. 

In fig* i5f the angle of rc- 
fk-ction p » n, ia e<pml to the anglo 
of iuddtocG r K I, but they are on 
of^}oaitc eidcA of t\\o pc'r|ifMLdicu]ar< 
A person looking iata chi* mirror at 
a, vnuld Kcr tho eiuidle behind the 
mirror. An object idwray^i »p|>e*r<i to 
lie in the dirvctiEm of the line which 
the ray l&it traveraed when it reaches 
the eye. 

The power of reflecting light 
raricK very greatly in diffiTrcnt 

bodica, Li sotnet aa in the mctj^U, r^ftcetion if^ almost perfeet ; 
in others, aa in ehareoAl, or in bWrk ve^IviH, it ia alino^tt wanting ; 
but tthmevcr li^ht puaa^ out of one nullum into another, &o 
matter how tran«paieitt flii(rh media may be, rdleetion more <^ 
LlOM cnmpkrte, take* place at their eummou MU'faee. 

With the exception of metaUj in which rcdectioLi U moot 
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cmmplctc ftt tbc xmaUer anpfle of iDcidetioe, it U fuuod (hat 
g»ttter tlic? iHt'idfut ujigle the more complete i» die rL-flt-ctujn ; mo ' 
Uiftt Uie Kuriaoc of ft body, such aflpUstfr of Paria^ or hf>l-|>reaed_ 
writing'P^ier, may thus afford a tolerably perfect image 
laminous object, if the rcilcction be ejected under 
auglc. 

Bodies in general do not pos'^c&'t eu.rfaccs actually Bat : to com* 
mon oWn'atiou they ni»y be fiut, bnt optJcnlly damiDal, tbeir 
Earfiicc U funud to con^i^t of an uuKlitiitu fiumbcr of minntc 
plane* inclined to each other at all |)0(i&iblc angles, and tliCTcfo|]^| 
recciviap and reflecting li^bt iu aUpoasible rlinKrtioii^ If a lieaiil^ 
of light admitted into a dark room fall upuu a bright metallic hor- 
face, ifk oue partieutar poatiou a bnlliaut spot of li(£ht will be 
perceived, the dircctiou of which cau be ^^ricd by altering the 
iucliimrioiL of the inirror to tlio ray, but the mirror will be nearly 
invisible in all other dirvctiimK, ucid the room wlII remain dark ; hut 
if for tliu mirrorashiTt of whtto pit[HT Ix? subrtitutod, the jjapcr irilis 
he almont e<[iially visible in every direction, and n girn<-ral. thouf^lifl 
aliglit dhmiiuation of the a[iart>nent will t>e |>cn'^ivciK U i» thi» 
irregukir reHeeiion or acuUvring of the lij^dit in all dinectiuiis^ which 
renders nc^nduminoua objecta dhitinguiahable in tlie light. The 
ligtit of itic moon and of the planetary bodies are instances of 
kind. A furthex uvidciicc of the Taliie uf tlm ijcatttring or 
dar}' j^iatiLiii, ia Litfordc<) by the ditTeieiiec bctuL-eii the luili 
softened h^ht which i» reflected fioio the beavcus when putijilly 
covered Trith e1oiid», and the i^trong lights which fatigue the 
^esiglit in a ch)udb?»A mimmtr'n djiy. It in ci^tirt-ly to thiB 
secondary radiation that wo otre tlie grneralLy ililfiiiBcd a)i<l sub- 
dued hght of day, oven nihcMi thi- »uu iti^lf tnay he mnnblc; uid 
tho niortiiiig and cveiiiug twilight, "vrlule llie great hnniniry 
ttaclf i* below the hori:£uii, in due to tlie same caiute, each illu- 
minated pirtitdo of the atinoaphere eoutributlng xU idiarr io |vd- 
dueing IhiH efleetv 

(9,j) ^Vheu li^bt is received upon a regular curved atirfai-v, vt 
undcr^'oea rcdlcction ac^ordijig to the usual law; the reflection 
from each point of tJic (^imed surface being in fact, the aanie 
as from a plane tiu^gciit to the curve nt the point of incKleuce. 
ir, therefore, tlic fonn of a paruhulie coiiutrity be given to 
mirror, all the reHerU^d mysi nUl be direete<l towards a point 
vhicli they will croas coeh other, au;l eontimie their progicMJ 
before, the upper ray now becoming nnilcrmoat, and trice •• 
This point of iiitei-acction ia called the/ociu of the mirror (fig. 
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Let M M, fig, P>o- 5^' 

section of the 
ciirred surface, 
eacb of the rays 
L R, L H. wiU 
be r^€i^ted from 
it H» from pJaiicA 

T T T.T,. T,T^ 

tangmt to the 

curve At tlic 

points* of itK-i- 

dence of the renpedive rays ; thf^ will consequently meet «t the 

focus V, CTQSA theiT, and subsi^qucnlly diver^en p b> p h ^cpap!^- 

seut tUe Uties jierpcudicular to tlic taugcuU. 

(96) Wlien a r&ir of light fallit u{>oti the fturfiice of an tin- 
CTy«UiUitcd tTiU]s[mrcnt vulMtoocc of uuiform d(-nfit}\ otw portioa 
of the ligtit is regulurJy nrtlectcd, aiiil siiolhirr portion 1:4 itCAtttrrctl, 
by which tlic unrliice in rcuilt^red \]sit>k, nhilnt & thml portion 
Ui traiumittccl. We hiU coiitine our att^nitiou to tlint pfsrtion 
of tlie h^'lt tfhich is tran^nutied. If the ray be iiiculent upon 
the surface of the hoi\y m a |>eq)endlculAr ilireccion, it r;iiitiiiik>9 
it» couise tuichaii^:ed ; but if it fall upon the aurf^^e obUquely, tta 
dircctiou is HUtldciil} alU-rL-d a^ h eiit4^« the transjiarcut object^ or 
mntfeint sa it ia called iu optit^^ laiLgua^e; ii tbcu {laztseu uu hi ita 
IMnr direction in m straight linc^ and oa i|uilt]]i^ the turdium it ia 
a^iii abruptly bcut bock to itji ori^iiat coimc, i>rovided the 
)uirfn<« of cnirutoc and the lutfacc of exit be |)arallcl to cd^h other* 
Thi« chatige in the coiinc of the 
my i* termed rtfractittn. If, in 
^- 57y ^ *' reprt'HCnt a pUtc of 
ghuv nith i^ndlel iddec, % ray of 
light I L incident u^ion it, will not 
|«9iK HtraiKbt od in the direction l x, 
but vUl he deAei-teil to l a, towards the 
perpendicular pq: on ^uitttug the 
medium at e it ia agaia bent, towards 
fl, but this time the refraction is from 
the pcTpcudicular o h, tuul the ray 
as becomes parallel to it* or]ju;tual 
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i^irrctinn. On pnMiijz fnim x rar^ itK^tum likf^ Air, infn 
(itniftn one Vika glvni, ilie my ia betit tmmrdA a )jn<* prT]vnfHoiit 
to the <^iiniiH>n aurfhce of tin t^io inedia ; on a^cain pa^iie 01 
fW)ui glasa into air, it is ticnt fironi the jterpaidicuW to the 1 
amoimt. Difl'crent media vary greatly in refractive power; coni'' 
buatiblc bodies in i^ncni] lia^iii|r the highest rcfmctiiiff euen^. 
It vas upon this ^ncral obmrrvAtton that NcKttoti fouodol bia 
conjecture thftt diamond uok * pv6bth]y tin tttichiCHLs nibstftDCO 
congidftted :* the eoiii1juj(t{l>i]ity of the diamond lia* been since 
fully Tcrifiei). Tlic mora nbliqnely the li^ht falls upon the 
•nrfitcf of the refradiug horly the (freatcr is the atuoimt of refrac- 
tion wbi(.h the ray cxpcrieLicc*. The extent of tlie refraction, 
therefore, varies with the an^rlc of iDeidcncis, but by a knowledge 
of tlie ro!lo\Tiug law it may nu^ily he cuteulated for all jui^led^ 
its amount for Eiriy one angle ha> bt<cn carefully dctermmed. 
law of rcfraciitjn iiiayljeex|"rf-*«wl In- wtiitmj^lhitt when light 
from one nKHtiimi into anotlK^r, for llie same tvo media the 1 
of the aiLglctt of refra<^tiou aiul of incidenoe, ftl«fty» bear the sune 
proi)ortioik to eaeJi other. Tlib ]in>portit>iJ e\\>ri»*t:n tl»e m/fcr 0/ 
r^fractioH of tlie ttuln^tmioc, wheu ubtiuued hy dividing t!ic v^iue of 
the anj^le uf uicideuec in emicho h) the sJueuf tlie aii^U^ of rc:frac'tioii. 
Theinc-idcutanil the refru^tcd iay oIwa^'a lictii the itame jdauc, and 
thia jilauc id perpendicular to the aurtiice of the rdhictiii); medium. 

(97) Lavf of Htjracticn. — Fig. 58 
may assist in explaining thU iin- 
povtant bw. l-ct w w rep«"wnt a 
BOction of the refracting itkcdiuin, i l 
tbo incident ray, and 1, a tho rcfmeted 
one Ix^t r L <^ 1>e the per|H-n- 
dicular to tlir* ivfraeting Anrfaee^ gioiaut- 
ing through th« |inint of iiurideaee 
L. With any radina L a, deieribc 
fVoni the centre l the circle a u ?; 
from M let fall the pcrpcudinilar m s 
on F q; it x vriU then rqircscut the 
Bine of the angle of tncidctice 1 l p, 
and K (t the sine of the angle of refraction, n l q ; 
iudex of refraction, which 1% uniformly the «amc for the 
subfftatioc, whatever the angle of refraction. In the diaimittd, fiv 
jnstaace, u n U alw^ay^ a j timed 110 long a« it q ; in water it is x\ 
tiines the length of a q. 

Tii« (bllowiag table coutsinsi Uie rt^fradboe fo^ffert of a Itw 
avbatancce ; the light being siipj)oaed lo paas from atmospheric ur. 
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M^T. Rmt and Xm^ have ^vcn tbc following values ftv the 
refr«ctivi> power of certain gaM» ; the 5Ccon<l column funu»L<» tlic 
abooliite Talae oniclcr a pnvsuro of 29^92 mcUesf of raercuiy, and 
fit ft tompcrfttnrc of ji^t 1^ oompantl with the refrnctiiijc power 
of Wfltor ftt tho fjuuc £«m]j(Tralure ; tlic tliinl colLimu ahoua the 
r^lfttivc refracting power of the differeut i;a»c0, aSr beui^ taken as 
rooooo. 



Hjdroffco , 
Amntoiiiu . . * . 
Cwbonit Arid < . 

Hydn>cUoTie Acid , 



O0CO5g043& 
0-000993315 
O'ooo762,14f> 

0000899513 

O'ooo7oj669 
0'ooo4;eio66 



I'OOOOQ 

0^6161 
" 03408 
661436 

100476 
J 091 70 
I (0*35 



Manjr &miliar phcnomoui recdve an cnsj ^aplanatkm from 
ftlie law of rcfmctiou. If a coin he pWed in an opiuiue n^^cl^ 
[ and the obnener retire uiitii the eil^e of the baMii Ju>t hiiJe^s it 
from hb riew, the coin will again become viaiblc if water he care- 
fully poured in without didturbing its posaiicn; the rays of light 
proceeding from the coiD wliich before pci««od nljovc the eye of 
the obctcner, arc now u)>ruptlj' lieitt ilownw&nljt from the porpcndi- 
cnlar, a* tlu^y c-nier^T iiilo the air, uiiil the iuiagi; of the object is 
coDvejrvd to the eiie, Tlie coin appean* nii^, but never displaced 
to the rif;hl or io the lirfl of ila true ^iuaitioii ; the refnicloil my, not- 
with^taadiiLg it* cLaii^ of medium^ coDtiuuca la the ssimc piano, 
wbioli ie icrtical to that which formA the common burfuL^ of tbo 
rcfractini; »u?dia. For & nmilar reason, a xtrmght stick plunged 
ohlitjncly into wntcr ap[»c<xrH 1>etit npwanla abruptly where it eatera 
tfcu^ iiquiiL 

(98] Aa the refnietii-e action ift eiereit^d at the Hiriaoe of 
janetion between the two media, and is goremefi by ihi* itidm>. 
tion of the rtty to a perpendicular to that Hurfaee, it ih munifcit 
that by altering the iuelination of the surfare tit whieh the ny 
paasoft oat of the medinm, the inelination of the emerging ray may 
' be ah^red; ho that imtead of continuing its paiwoge in a dinyrtiou 
panilliM to tJie one which it ixnaei^ed on entrance, it may he made 
pcrniaiiently to deviate from this to a jfrentcr or Icsw extent. 

If a 11 (fig.59), reproBcat tbesectioDof a^>/n, orb^LTof glaaa. 
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the mcident ray i l on entering thia medium is bent towards the 

perpendicular f f : on quit- 
Fio. 59- ting it at a, it ia bent from the 

/t perpendicular q f, and aa- 
Bumes a course a %, perma- 
nently deflected from its new 
direction l t^ and from its 
original direction i z. fHiu 
„ . , deilection is always towajds 

T-' //^\ the thick part of the prism. 

By employing two such 
'' / prisms set base to base, the 

.-' . rays may be refrncted to- 

wards one common liue^ 
where they would croaa and 
diverge; and by using a lens of glass (fig. 60), with two convex sor- 
faceSj which are segments of Bpheres^the incident rays a l & L^may be 





caused to converge to a common focus, f ; each portion <£ the 
curved Bur^e refracting the ray in the manner of a plane, t Tj t t, 
T T, tangent to the curve at that particular spot or point of m(ddenc& 
(99] In the passage of light from a denser into a rarer medium^ 
as when light passca from glass into air, the obliquity of the r^ 
fr^ctcd ray increases as the angle of incidence increases, until at 
length it becomes parallel to the common surface of the two media. 
Light incident at an angle more oblique than this ceases to be re- 
fracted ; refraction becomes impossible, and it is wholly reflected 
within the denser medium. The angle at which thie phenomenon 
first shows itself is termed the an^/e of total reflection. In fig. fii, 
let o o represent a plate of glass with parallel sides, ? l jp a perpez^ 



TOTAL RErLWmOX- 



m 



Fig- fii- 




diculMT at tlii' point of inciiLetic^. Tliv Inddcot ray x l, uiHtoutl of 

pOMoug to u', nottltl Tic rdf«cu--il fmtn the perpciidMniljir p F to L a on 

emcqpti^ into tLa lur, ct L iruuld 

be Btill more rdrodcd £rotu l if\ 

UkC rL-fhicccd portion i b wo<i)il he 

nemrlv pardkl vitli tLc Ktirfacc of 

tbo ^ftw, wkiUt c I. would be 

Uif!»p:iliEit~ of re-traction at tiX\, ari^ 

would 1«? vhutljr ri^«t:>d kh to 

secni by |i!ar]ii4t tie hwik to the 

li^ht aud holding « l^baa of wat£r 

a little aboTi? the lerel of the eye ; 

on looking obliquely up tlruu^li 

tlw vutrr, a vpoon, or other object plftccfl in the glass, will appear to 

be pwftvtly rcilrt?t«l 141011 the lurfiu^o wbi-re the liquid and the air 

meet, Tbi^ saiue thing is aeea by holdlii^ a glam prinm horizon- 

tally bcfoi^ a window, and tumiiig it ftlonly round ; on lookiiig 

dinrn into the pri«m, the interual siirfiicE* of each face in auecca* 

uon, nM it becomes uodcnnost, reflt^ctat the li^bt with tbebrillinucy 

of a mimir. 

The dtaniotid id itidefatal for much of iIh brilliancy to tbi^ total 
reflection, za oviu^ to Cbc hi]j^lL refractive power of this gem, 
toUl retlcetioii eopuDenccs &t small angles of incidcaec. 

(100) The dct<:nninatioa of the relrncting power of n body ia 
oAfiD a TiJuahlc ^ruido iu eAiimuting it^ cUemiad purity> The 
ulultlinitiiiu cf tviteiitia] oiU uiity tbiLH W olXeii iLeti^etcd with ea«e, 
wlicfv it would utbcrwtvtibe ^lilUcull to aficerlaiu it. 

Dr. WidlaMon contrived a very simple mc-atia of detcrmiaiug 
tbc rcfW-tiye gtowcr of a body iu aij\ dcjrcudcut ujjoo the iQ6a- 
surcmeiit of the au|;lc at which total rcflectiou o^rnmcncoA, If thia 
naeawired in a glow priHa, wc arc funuBhod with tho 
dctormiriing Ua refi-actire power in tur^ Say that tho 
ai^lc iif totftJ rofiractkiu of the prtum ia found to be ;j^*f io\ the 
tefrai'liifikiiwerof theprijiiniuair i* cidcubitcd by divifliiig tbeaiDa 
of tliL- anK^<> of n^fmi'tioii by Ih^ aiiie of the angle of incidctiee ; tlia 
aaitle of refraction at vhicJi toti] iHlcctiou bei^tu \%<^<Pi ihercfnic* 
Hn pow^r therefore ia £SSw or * *>¥ = 1 583. Now cause a drop 
of any fluid to adhere to the under lurtaeG oftlie pri«n; provi<kd 
thiL- rcfraetive power of the fluid be Icaa than ttiat of ^la^a, the bil^Ic 
of total rrlliHriiou will Ihi iucrcsscd : suppoec tlie priam bcmoUtcucd 
wttb water, the au^le of rcdocttGci iriU now be j/l'^. The vrater baa a 
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Iiigbcr refifactiTC povcr than air, ccnw^uEnitl}', the difTcreDce In ro- 
frftctive power between ^ua and water bein^ \&» than thai between 
ginnt &n<l air, the aii^le of iticitletLOO r€t|uirtd to produce total re- 
floctiou is ^re^ter. The rcfractlrc |x>iici' of Uic Bub«»lauce under 
trial ma;^ be vcert&uird by ili^iding the sine of it« at^Ie of tvtal 
rHlectioBf untlcr thcac circujndtiiDCP^ by the einc of the muuc 
ftnglc for the gloss pri^ni* In the nwt of vrntcr the rciractiTQ 
poncr is sirSv?^ Of SKS^* = i 33*. Tbc refrorting power of voUda 
witli flat fiurfiLCca mai^ bu deterDiiitcKL in the uuue way by ocmvnting 
thorn to ihii Hurfaec of the priain with «ome materid of higher 
Tefrtetin^ (\eu%\iy then the gla^a, wich a« b^lnam of loin. 

Dr. AVfilla2itoD*a infitmiiiFnt, fig. 62, ^ve« at onco the auie 0/ 
die refractive power sought, irithout any calculat ion. 




Ot] a hoard, a A^ is fixed a piece of flat deal, c d, to which, hy a 
hinge at d^ is jointed a second iiiccp, d e, 10 inches lon^, canyiog 
two planv sights at its extremities ; at e is a second hingcf cotmoct- 
ing It with eft 15*83 inches long ; at the other cjitrcmity of ef u ^M 
third hinge by which/jr U couLCct«d with it ; at i :dM> ia a hiiig^^ 
uniting the red iff, vhich ia half the len^h otef, to the middle 
of e f: and then, sinec j moves in a scmidrrlc, a Unc joining r 
^ wotild be perpendicular to/y, Tbc piece c rf has 11 cavity i 
the inid4llc of it, so that when any substance iv applied to 
under mrfiurr of the reetnii^dfir gliM^ prixiu, r, Itit prifini may 
tiiiiie to irnt horiKoittntly uii itst cxtrcmiticti. Whcti <; (/ haa 
ao devatcd that the jellow rays in the fringe of colours, ohscrmble 
where pctfcct reflection term 1 nates, arc ncen tLn^ii^h the sighta, the 
poiot y, by mooDs of a vernier which it earrJci^, hLows upon tha 
niefg, whidi is gradiuted to fractious of an inch, the ainc of tho 
pefnu'tii'c poTrr nonght. Tlie picxifyi *yand d e arc isroixirtioual 
to tlte »inc9t lliat rvpreaeut Oie relatu^ic power* of the prima anil 
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of ur. If the dotted line at r 1>o a poTpendicular to the reflecting 
wwrfnoe, / r viU rcpntt«at the wcideut r&y. — (PhU, TV^n*., 1803, 
P- 3^7) 

The (olloiri&i; tabic contains sonic of tlic results obtaiuod by 
Dr. WoUaatoa with this iostrummt. 



BcfractiYc Power of Flint Glivu* Prima, r, = i 


583- 


Oil of Siutoafnia . 


''53«5 


Oil of Torpcminc 


'■4?5 


CMI of CloTes . . 


"'535 


Itet-tified Ditto . 


r4;o 


Canada UaJsam . 


1538 


Oil of AlmondA . 


<"4?o 


Cipivi Balsam • 


«"507 


„ Olives . • 


1-469 


Oil of ArntKrr 


>'5<^5 


„ Pcppcmunt 


i-4<^8 


„ Nutmeg - 


''497 


„ Lnvendcr . 


1-467 


„ LiiiiLecd . 


>'4«5 


Mt'ltad S|>eniiAcett 


1+0 


„ Lenaoua . 


1476 


St]l[i1niric Add . 


'•435 



Dr. \Votlfl»ton mFiitioiu tLnt geuuine oU of clove« tind a re< 
fractive powpT of i'S^S* ^"* ''^"^ **ompof inferiorqualitj-^ which had 
probahlT hwn iuhilr**nitr<!, Itiul a rvfrjw^tir^- powrr of nnly i "^98- 

(101) Pn^rmaiic Analyinjt. — Upon r-icarniniiig light ihnt hui 
utidcr^ouc roliaction hy a iiriain^ it i^ found tluit tnerc change iii 
dirvctioD i^ ciily orie of tlie plieuomeua obctervahle. SuppoM a 
beam of light, oa reprasetited iu t^, (S3, a l, be admitted ttirough 
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I a tsoaU Alit, %, ioto a darkcticd room, and be there received upon ft 
' [iruui, p; if tlic li^hl, aAc-r tmii^mi&^ion through the priatm, be 
, atlovcd to fall ujioii a uliu- scrct-n, v k x, placed at a dintaace of 
I eight or tcu Ibet, — instead of a nnrroiv elit of white Ught, s, eor- 
nspponding to the aperture, an clotiguted coloored image of the 
rufractcii U'jLin u ml-ii, n^ at v 11, terminated by parallel ci&da, and 
Icxhibitit^g the brilliant buee of tlie raiubow. This cloagatioa 
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oooon in the plmo of tbv rtflccttil xtrni rtfrmcitA 
coloured iniftgc u tcrrmcd the prismalic xpf^tdrtMm~ 

dtftUnguijJi^I let^cn dtBerc:-: . . — :, ^ jy 

itito the otlicr^ vJ2. \iolc4, iiidi/o, bluo, fpTcn, ^uJJuw, ' 
White light raay therelore be n^gvdfxl a» die 
of m^ ardjtrcKnt ooloun, vliidi ani uDcigrn^nv 
prnm. Kach cokiitr hfM iu Dirti ikrcuiiar 

aud ttie viikkt ibemont mi; wL. 

iutermtnlbtc ilricreca »f rciVuif^iMlit^. H«\ii]|^ onec 

hjr rcirBctiujk, nu second rcfnution )* cajoihlo of 

pofiiig tuty of U»ciic colonnt. Thirj- mii^, IkowrvcT, Ijc { 

by onng » Mxond iirtran^ iu uv iavcrt«d [loattluQ (a 

dott^ line* nt q, (%, ^3i* or by ^mplnyin^, wbat 

■nino thio^ a CK)nv<!x L<^iu, iu v^irti etu^ wbtu^ lifcbt t>l 

lit ibe focuA of tho lettii. Ttic ooin|ici^tiofi of wliii« 

illustrated by dividing a circitlftr disk of pvpor 

Oftch of an e\(«nt correa[>o tiding; vith the cxipi 

tlkO spectrum^ and jiaiDting carh with its &p|)rt>[triat« < 

CftKning the disk to rotate ra|iidly u]K)n an axi^- 

thiougfi its centre, tliOM^cn imprGKiona wiU bcgn 

to eacli point of the retiiu, uid tW paper will a|rpc^r 

white. Tlie imix)(»ihtlity of obtaiuirii; fnicnivTitJi nf 

hn&, or of llie bhlUantTT of the ct^uivd light, rrnclenn 

unattaintble by this uioaEd. 

(toaf Tfwry of Cohfrrs. — Upon this dceoiopo«abil 
light Ncwtoii (bumkd bin »|duiuUmii of tSif cole 
ol^ectH. 'The ubjeiTlA are Uioukseirea devoid of coJoti 
pl&ccd in abJU! ligiit they absorb tlio ray^ of ouc* or 
Biid reflect the rest: Uic object thercTorc appears b>| 
ooloiir tJiat would roAult 1h>m the ray or iiti&tore of i 
rrllect!* ■ green ob}ect«, for etaniplc, absorb ilie red rajv ' 
the yeUew aiid tlie blue ; j)ur|Ut< uljN»rb Uip yi^lhiw, und i 
red aitd the blue. Tbe ray^ thna atiaorbD:! are mil to 
mtentarff to thoao that arc njfltx'ivd ; a couijilcmnif^«'v . 
alvaya dial tint which when Midixl to thr \tn-\ 
ilw! eye wi>ulfL oonttiiiUe while light, Thi> ilKut'y 
mtj Iw ilhwlrutcd by plnciiig wiy e^onreit object 
ono lintf ur fnrmosfcnfoud UgfU aif it iit onlled, meb ■*! 
bolalcd [K>rtiafi of iUv: «]iertmiD. A ;fntn ob ■ 
the bk 
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^ it vill a|i|)«ftr y«Uoir ; and n whiti.' itCToen wHivU liat t1u> powc^r 
r?l1ccCui|f ikll the a>lourH irill tuLe auy ttrt in iiucoession, ftocord- 
ng to the colour of the: inoul<<iit i^ay. Aih object of a pure red, on 
be coatmy. will ftppc«r bUck id any but the rfid n^* becaose it 
ibetorb« all the othi-r colours &» ixrrfoctly m charcoal or black 
fcln-t mbforlM nbiu* lij^lit df ruys uf all coloLinL 

Hmceitaijfiejkrx that wbit« li^bt m^y be <lc^oniiioite<l by ubitorp- 

iou OA well OH by rtiructiou or pminatu! aualy^in. By LruuiiuLttuij^ 

rbite li|^t throuj^h tranH|)areDt ctiloareii ine^iia, we may obtain 

Bjn of any pToii tint : the light thus obtained is not alwnj'H the 

nme as tlmt pr^luccil by prismntic fuinlyinsj by tmnsnuRsioB 

irongh a coloun^l motlium, a t^ix^n, for iik^toncc, may l>c obtained, 

Amh lh ideatir;k] with Uic greeji acpiirate<l by ttie prinni, umI then 

L'auM)! furtlker be »e|itmted iuto lilue and yellow ; or it mar be a 

ipooud colour reaultm^frooi thGintcriDutureofr&yBot'diiierent 

of rc^D^bilitT, and ia this caac it is suM^cfitiblc of 

dccompOfiitHJU : tlic colourod Light that i« obtoiui^l by 

jition, Is acldom m> pure as chut furnished by prisiiuitio 

IvuwtioiL. 

Ill uniliciu] flam€9 it is vtry g<^ncndl/ the oa^ thai certain 

loloun jtre preiH^t iu Miiallc-r prtj|)urtioii tliau othexa, aud arc 

ouaetlmcA altij^ctrther wtuUitm;. Kitrutc uf lilivutifi, for iii^UuicOj 

KiTCs a red tint to buriiiu^; bodies; aud itie pri»to »how« thuC in 

■uck light the bltiG ood vwlct, or oiorc refrangible rayn, arc iiingtt- 

Lrly ddicidit. Common t^U produces in bumiug bodies a tiourly 

urc and homogvnciciiut ycLWw light, wbi<;h may bo uiwd to illus- 

imto tl»e o^Wm'atiuos jiut tnado ujion the oauK of coloiur in 

tatujal objfcts^ The bnllumt colutin of imtectzi or tlic plomftge 

f fairda slrike atraugely <m the eye wlieu aeea in this yellow 

The priunauc analym of whitft li^ltt, wimh ha* just been 
oniidurod, n not due eutirely to the refractive power of the body 
\y vluch it is cBcdcd. Another clement of ^rt-at iniportanco is 
be iiiipcrsUe power, whic'b w independent of its refractkiu. Two 
ubatancfv may |MWia«f un tx^ual amount of ivfractiuf; power, in coii. 
eqwmce of wliicb the mean <leTiAtion of tlie rays tfausmitt4xl will 
10 tlw saini?, aud yet the apectra winch tbey fandsh may lie of very 
Kneqiiol lengths. If a holknr pridiu be made of phttcn of glas^, and 
lle«l with oil of oassia, thoffpeetruia which it pnKluota will be more 
ihAD double the Icn^b of that fiuiiii^hed by a ^iuiiW pri^m of t^iiit 
[lasa. I'lie di«))er4vt- |M>wcr of oil of cassia i« much ^atcr iban liuit 
ttint glass, espedally for the mure refraii^ble ra^ Ixom r to u, 
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and hvncc the difTercnd* in ilie lentil of the two spcctm. The 
com }>ara tire Icuj^tliA of these spoctraj ma obtained from finuns of 
oqual axi^lcS] aic gi^cu iii 6g. 64* 
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Tlie cikfiia refntctivi? jK>uci-ii of the tvro media do not chilv; 
Tiiklerall V. No. I ia tlie spectrum of oil of casaJa ; 2 that of Hint 
t:lnM. lu the coufllnictioii of achromalic Icoftra, two mwlia whicli 
differ in diapersirc poorer &rc employed ; by thts mains the fnng:e 
of colours, which i« alwnys pei'ccptihlc iirouiid the mai]^ of a& 
ohjrx't \icwc<l by aii ordiimry lcii« of higli magni^rir^ povcr, \* 
recuor^L 

{J05) Xiiveff lA the Botar Sipectmm. — \\1iea the volar spectnun 
is n*oci\^ in the tiaual way upon a while screen, it ap|>ran like a 
contiiiiiou6 band cf colotuvd light ; by takiuf; due preeautioiui, how- 
6TGr» it may be accn that thia Luminous band is tniTcr«cd in tbe 
direction of ibt brca<Uli by «a('\x-nil hundred black line«, vatTtn^ in 
dilbrreiit iKirtM, tn wultli mid dkNtinetiiaw. They are ludependcnt 
of the nature of the refracting medinm, and occur alvays in the 
aatne colour, and at corrcs|)oudinp jioints of ihc spectrum. No 
eatisf&ctory explanaxioQ baa yet been found for tlw cause of this 
remarkable ptienomciMia ; but these line* have nllorded fi^o.^! poiuta 
of the |^reatc«t value to optical rr«carch, b/ cnul^ing the ob»CTvcr 
to dutcnitinr with rigid luxiiirury tlic; refractive hiduxs of n grtwt 
variety of boditw. A few of the more important Uneit are aeea 
in I J Hg' 6j. It ia found that the poaitiuu of thcw? lineo variei 
with the aourco ef the li^-ht : each of the ^ed atAr« liaa a ayatea 
of lines of ite own, and evi?ry sLrtificial light xhowB aotne poouliarity 
in this TOupcct ; for inntanco, the grcfm lig^t prodneod 1>y bnmitif 
aaolutioti of biirncieacid in alcohol give* n ayntem of linov, fig. 65,6, 
whieh diflera i^ridHyfmm thiit produ^'M by tlie green Hf^ht ohtaiui^ 
by the minbtt^tinn of an alntduilie Holntiou nf chhm<le of eopper 
ahoiriiat^. Ii\ahort, theehemiealnatxireoftheaulMtanoehaaanay 
importAiit iixilueucc 011 Ihe kind of light which it emits. Each of th€ 
nietah.in burning, givca out light of a peculiar andditfinctirc coloor; 
aiid in each ca^c ct'rtain porttona of the i^pcctrum arc wanting; ta 



■ theco pciQtodvL uul pcrfocttf ni^U-dcfiucd line* croa« tlie luminoitf ^M 
W laand. SoUr '^g^^i whoa tronsmiU^Hl tlirougli TApcum of different ^H 
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edouTft, jiud axul/pecl br the prism, cxlii^te lines vliich v«arf in ^M 
poaition Mul uit«iunty vitK the nature of the vapour which it Hm ^M 
trnvcnocL lu fit;. 6j, No. t bIiowa tbc principal dftrk lm(« of the ^M 
para Bolftr spectrum ; a rcprc«cntn the effect of bromine on the m>1v ^| 
m^ i wtnlc ') vhown tho vviy ^hlTi^Tcnt result fumuhe<t hr ptroKida of ^H 
nitmfctm, whioK m <!o1our c:in *(>iLrcolv be dislLii^iii«lie<i from the ^^^| 
VAjMJur of bn>min«! ; 4 hIiow;! tbiT efToL*! of trarkainilting rl^ sun'a raja ^^^H 
throii|;li th«^r«en*cototire(l percliloride of mangnncm. Thci^c lines ^H 
do noc alter tliHr |ioHtlioti when a different source cf light U «m* ^M 
ptofod; the ajbtcm of lines peculiar to ihe m^irce of li^ht ocenr* ^| 
witlioot interierinf' with thou; prodttccrd bv the ainorptire action ^M 
of the Topour. — {Phil, ^f^iff., ^^45, xnriL 81.) ^M 
(104] CAauff^ in /A« Refrmrjibitiiy 0/ lAffhi. — A remarkable ^M 
discorer^ van madfi hy Professir Stokc«, whilst engngvcl in ^M 
pnrauinif tl^e obfierratbns of Sir Julin llery^Okd U|K)» the elK'Ct ^M 
of li<;fat u]kan an acid mhition of Milphatc of ^uiuiiie. Thia hi^uid ^M 
ia eoluurtm when ncwed by tmutmitted light, but if placed in ^M 
ft ^aw and lookul at from atiov^r, it ex!iibit«, when exposed to direct ^M 
li^t, * lieautifnl aiul inti'iiM: blue u\tott iu front surface ; but tbc ^M 
light which lm.1 pa»aed Uiiough one vessel containing tlie sulphate ^M 
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cxtiiMtv no viich Ap|>rATiuice on t1>c iTi>nb ftux of n Becond vtmti cf 
tli€ lu|uid ^hich is Himdjul^ czpoecd to !l. Noutj the njv which 
produce tUiH bcttuliful bliw colour are Dot tlic orilinafy bluf' raj^ 
bui liAVo beea found to be those of the noost le&an^blo portion of 
tfa« fipdcttiim, whicli, under ordinary oircuwcttuioeB, arv tu>t |nmvc|>- 
tibJtt to thcr!yr,biit which arc ivmarl^nblcfot' thcLr p(>w<'rrul cli^roioil 
ftction, luii] vhtHi sluiw their prp^^mrx? hy tln-ir chemivul eiPect upon 
a miHiuv €Oiit«d vhth dilnride; of Kllvrr, or with tome otlier phuto- 
gniihic prepanUoo. 

Profenor Stokn (PhU. TranM,, 1851, ^ 46S) found that if a tobo 
filled with ft iK>hiuon of &ulphatfi of qniuinc were placed suixcMifdr 
in cuch of iIlc coloun of ihc pnbinutic t'lX'ctnmi, ' througlKittt 
ncarlj the vbotc of the visible spcctnim the light [uuwd through 
the fluiil UK it woidd have dotio through su much wutcr, liut oa 
AiTt^iu^ nt^nrly at the violt't cxtrt'mity, & ^leam of }Hilt^ blue shot 
aorosa the tabe; on continuiug to tnave the tube, the blue li^ht at firat 
iucrettodiii]iiteiiHUv,aiidancrwardagriiduallydi^air&y;it didnoif 
bowcTer, ccom^ to a|>^>car luilil the tube luul becu moved iiir bcjond 
the violet cxtrcauttjr oT tlic spectrum rifible ou a Bcn«tu' Oa 
4namitiiiig b^ a iccon<l |in«iD the dif«pL<rsed bght thtu ol)itaiiued, it 
vaa found that it coiiUiutxl fmy« exbrudii^ orer a coiiuderAhle 
range of n-fmugibility uithiu Ihc Uuiits of the vihible ^lectmrn; 
but tbe least refrangible raya, or tho»e of tbe red end of the ipeo- 
trum, were waulin);* 

riirHiiD^ these experiments, Professor Stokes fomid that tbe 
pliunivmrnciik \»t .t change of rcJian|;ibility is by no nteiuLS uit* 
utjmuKni, csjK'ciiiJly omongvt organic «ubfltjuicc», mosit of trluch 
show it in a degree more <ir 1cm marked. The change in the re* 
tangibility i« uot cunjincd to the invimble luyn, hut extcmhi ohfo 
to Ibose already ^-loihlc. It is hun<:vcr, to be ruDiurked, ihat as 
yet, ill ©very itiAUiuecv the altered ray f^ivca riw to others which ara 
/r4* rcfrftugible. Tbe eliange i^ acver to rays of i^rsater lefruiipbiUty. 

Amougnt thebodies in which tIn«phenom«uoa is most strikingly 
eichiljitfvl, mny he mimt.ioned, dccocHou of thi^ Imrk of tl»r horwv 
che^tiiiit, vhieh cvintiunx tbe vc^tflblc principle t4^iinM) fjtmiin, 
aleolioUe bni^uie nf tl»p ^reen eolouriii^ iniLtUn- of lcM'ei«, tiiKHui 
of the AcedAofatnuuoniuiET, imd tioetureof turmmc. Manyof tliCM 
substances, when spread upon packer, tbrm surfaces vhtch, if used 
a «<!recn fur remviug the scdar spcetmm, exhibit a proLongatmi 
of tbe more Triran^bte cud for beyond the violet and Laveudcr rays 
which are vijiiblo ou orditiary whiU; (laper^ and with ilue |j 
cautkm the fiied line* of tlii* proloij^liou may be dUtiueUy 
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A dip oif i^orj mike* a vevy good Hcreen for thw pcrpoKc, Glju», 
mlnnrrd y<^llow vitli oude of uraiLiiun, alao t^bibiu thnie pfacDO- 
mcnft in « very fltnking aitit hoauhful form. 

The light of many artifid&l tlsmca vliich «re of feehle tlltimi- 
nftlin{ |K>wer oticn couUiti« W^amif wluch cxhihU this kind of 
ndocdon in r«fhuipl>ility in n rvitiiirkjtMt* mjiiincr. The Htme of 
s CQDUnOd spirit Uiikp, ai)(l that of tiumiug miLpJiur, arc especially 
n-nmikahle, A «'oak infttHion of boriMMJiOftiiut hurk poiircd into 
A tall jar of nAtcr, cxlubiia, vhca illumiiiat^^d t)y burning »ijlpknr, 
wavc« of phoflphorcscnit li^ht aa the tvo liqukb mingle, 
Eig to the tii«pcraon of tbc light rciidercfl visible by the cHcalin 
in Mtlutioa. In tlio mmc ^v, diaimcters traced with tincture of 
•tnmonium on wbtte pn|ieT> and nearly infijiiMe in dajlight, vdicn 
tpoeod to tbe light of burning ^dphur, &)^)ear difttindly upon the 
• m lines of a pale blue phoephotreacent Itglit. 
HiosG hi^ldy refrangible rayB do not readily |jflfls throii<;h glnn^ 
By cmplD^iug a prism of cjuartac and lenses of the eame materiAl, 
Frolcwtor S^u>ki» luk« founds in utiftcial lighu, rays nhicli extend far 
^oiid iIk" limita of lh« luilar .spectrum. Tiic inviMbb rays in tbu 
■•Dlar r>|TCctrun), far exam pit?, extend beyond the vMel cxtivimtj' of 
thic ajit'CLruit) fi>r a dUtauL<c abcjtil t^i|ual t:i Itrn^llt to that of tbt^ 
Iniiiinoiu purUon; but ui t lie electric tit;Ut obtained bv ihe iguilioa 
of cbarcoaL points, the iniLALblc vpcctrum can be traced i>cai'ly sue 
times a^ far. Hy interposing a coloured itbwrbeot iDcdiunt, such a« 
cbjikruuK nod ^iia, in tlio track of tbc bi^am licfori^ it ir. trunnmittcd 
tbnriigb th« prijun, lixcd dork hi\t» cuo be traced at cUflerent pointa 
tlirougb tbiii greatly elongated a|)eetniiu. 

(105) PriiOiaLic flu:dy«tt of iIil* tolar beam, bow^ver. diflclosea 
I ua other pbeakoineiui beHidcA ibe wparation of light into portions 
of different ooloure. Tbe radiations from tho sun oontun mvt only 
Binilennis rays, but tbcy arc Bccompnnied by a lai^ nmount of 
, and tliesc rayv of bc«t arc 8U»c<^'pti)dr of rcfractifm, bke tUoae 
of lifcht ; thouich, nf tbcy arc for tbc iiiD^t ^lart leia reJran;pble than 
t)ic raya of li^bt. tbe calorilic or bcatiTi^ rays trc moHt abundant 
Dear tbe n^l end of tli6 spectrum ; and a liir;^c prviporlion of tbe 
rays of heat are Ices refranfrible than any of tbc ray* of light, and 
tkll in tilt) ilark siuco beyuud the ivd. Beeidea the rayt of hast 
■nd liglit, tbc «[>ectrum containi myt vliich eicit a pownriul 
ohoniical cflect on groniug jjlanu, nn<l an many metallic and 
oompoiuida; theoe ocmr in greatest abtmdanoo in tlic 
fdhngibfe portionsj in and beyond the bine and t-iokt 
aya. 
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Tbe complex Daturc of the eoUr spcctnun may In; Amber illtu* 
tr&tcd by its actiuD upon phospboix^ccnt bwlio^ 

(lod) Pho9}ihon^tfCHic Hay^, — A few cbc^aiKid oompoimtU an 
known tt-hicli, althangh t]\cy ilo riot, tnidcr ordinaTTcirciiin^tikDcseii 
emit liglit ill tlin <Wk, yet ahcr cxpnsuro tn ihr. ootar ray con* 
tinuc to hv iiiititJy lumiuoiu for tH^mc Lourfl ni^cr hikvin^ been re- 
moved to o liarkcjied rooEti^ without UDdcr;^inj; utiy perceptible 
obcroiciO oliuiigc Amoug^t tlic«e bodies may he meiitionod V^tn- 
ttm'n phr>9ph<frHitf or Rulphide of c^lnum ; Baldwin** pho^fphf/ntt, or 
^iMi^l nitmb? of limo ; and Bologna ittonf, vliicb in n Hulpbiclo 
bariuTn. If ono nf thos^ ptirwphon^ iMilpliidr of mir-iiim, for 
tnstiuioe, iifU-r it Imw ct'-iur^l to emit ligl^t in tbr? i\tiA, Imt sprinkled 
over a piecsc of paper and «iilimitted to the action of t]>e &cdar 
ipectntm^ phospkoreBoence %i)1 b^ protluced in it, but by tbo more 
rc&«Dgible rave only. Tlicre are t\ro maiima of illumination, one 
of wliicli is vjthiD the blue and \iolet portion of the frpcctnim ; 
Dtlior i» bcn,-oiid tbt- U-rmiiitttiotj of the violet (fig. 6^1- Tlw.* fliwb 
an electric npiirk iniuic lo pn^ w that it« ligbt diall fall upon tk 
piece of paper ill 11H pre]»in'd, iH HiiHIcWnLt to reiider tbe vbo]e exposed 
stiHaec of the i^utpbide pliosplKin^JK-ent. If, Iiowerrr, tbe paper 
be jurtialty cohered by a plate of ihe moflt transparesiC gla^i the 
Bcrecneil portion will not exhibit any phospborGsceacc. A Mrem of 
rock crystal, hcwc-vcr, procliice» no i^ncfa nl>sorb<nit effect, all the 
pordotu of the prcpureil ntu^fnre k-tng in this tntt^ case equally 
lummoua. Ttu? li^ht emitted fn>ni cliarcoal ]Kiiti!a, ignited by a 
^xiltaic current, if it lie only iualantaneoue in duration, ia equally 
uitnblc to penetrate glass so as to produce pbosphore6ccneCr although 
it traverM-> rock crystal rrad'dy. The solar rays, liovcvcTi tratisrw 
cithtr ntrilium equally, without loi*s of phr^gphttro^wic jtowcr- 
A loiif^ [Hintinued i^ltnic liglit pnxlucesi a MiuiHlir rvsult. GIcuib ia 
only le«w perfectly permoihle tluin rock crystal to th^; pbot^ihoro* 
genie rays that aeeocu]MLnT the lununonn onca. — (E. Bcoquerd, Ant^ 
die ('kimi4^, IIL, is. 314-) 

In fig. 6f>f the ttripo 1 represents the difluaion of light in tha 
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ar spedrnm, wlubt i girci the pointa of maxlmuia pboipto* 
iGwence oorre»iHjndiiig to tli€ ItiminouA ajiGctnni, 

(107) VcUtciijf 0/ lAffht. — It b certaJu that Light u tli« re»ult 
of a Bcrica of pa^n^^HMi.' tu-tioun, tiiiicu it rcijulrc^ time for ita pro^ 
pogfttiou. Aatrauuiuirra bate OffcertniiicMl from ofaAcrrnLioiLs ou 
the eclLpeCfl or occtUtalitrnt of the «Atc)litc» of Jiipitcr, tlic period* 
of »hirh ore accurately kitoim, thftt thctc occultatiODa a|^C4ir to 
occur whj^n the earth 

u BituAtctl Kt its Fi^>- ^7- 

gre&tat clifetAneR &om 

th^ platot, tu ftt p, 

fig.67,mtMur a qiinrttfr 

of &n hour lut^jr tliaa 

they do whMi iMareat 

to it, ax at K: coiLseqaently^ between ij aiul i(S miniitc» aro 

rrqairvd liy light m travcTMiie the vridtb of t!ie earth'* oriwt (a 

spooe of aboat 190.000,0^0 miles). Light would therefore deseTi>ic 

i $|moo Ci^unl to tbc circumfcrcticcof the earth ia about the eighth 

pan of a ftecoud of time. 

The reloeity of light, hoff(>\'cr, appearn to *ary with the 
medium, or body through whieh it parses ; ia a denocr medium its 
xdocitj tt retfirdod, bnt io a medium of uniform density, if it 
tr»TeJ in m uniform ilJreotum, it* velocity i« alim uuiforru. It ia 
rennarkahle Uimt ujion the bypothe«ii« of emiMion, the Telocity 
ought to be quickciied in a denser medium, but on the undutatory 
liew it fthotihl be retarded ; the decisioti of this queiitton, there- 
fore, affords an eTi>frimtntum cnttis between the two theorio, 

MM. KoucauJt {Attmtks de VHmk et d^ Phya., HE., xU. 119} 
and F^-au, hiivi>, inrh-iKiid^Tiuly i*f vivtAx oihur, by a Ije^ntiful appU* 
catton of the revoking iiiimir !lUJJ:g^'?^^ed by Pnjf(»Mir Whcatatoae, 
each Hucceedc^ lu w>]viug ituA important cjiu-^Lioii; by direct mca- 
varcment they find that Il^bt ia reE;u\lcd in the dcijwr turJiuiTi; 
Ihc relative velocity bciug inversely as the rc&aeting Iikdicea of iJie 
media oomporod. 

Whichever theory of lifrhi we adopt, the conelnatond forced ng^oti 
UA of tlw cxocc<liiig tninutcneH nf the ma^uitudi.** with vhic^h wo 
are d«Uiug, tnd the c\tnordiiiarT rapidity of the motiona wliiiih they 
im|ily, are of (he moit startling kind, ooneloaionB that ODthir^ hut 
the cocniiletetieiM of mathemAtiral demoniitrationj ai eonlirmed by 
f^perimental rescareb, would ju^fy ns io admitting. 

(108) The undulatory hyjiothcTnn lux'ouut? fordilfereneca in i\\fi 
ioUnait^ of tLo light a a, by dilTereiice* in the amplitude or 
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excureioii d of thu unduliitioii (fig. 68} ; and for th« ]>lieDoraenii 
of colour by dtfTeteiices in the Jciif^h a c and in the freqnmcy 
of U>c uadulatkiiiBi ; jutft Ba in tlic pLraomcua of sound, the pitch of 

i\\K note in pnnxd to depend upon 

''^' ^'^ tlie number of vilmtioua in a 

_p ^ |j;hcu Unit*: but Ukc cxtnit tbroiigb 

^2 \^ f \ \ f^^ -r J wLiL-L tbcoar apprccmtc»|in>|jortioii- 

tH^-^ I ^^ ^^^ nlc differences of rapidity in tbe nn- 

dulntions which produce fmimd, i» 
much greater tlian that wbicb xi\\-. r-yo cnn estimate iu the cnee of 
lifibt. Tkloet p«r9onn can peri'civi^ nmcicid vound* in vhicb all pQ«etble 
TnHety exi*t«» hctwewD ifi Juid ^04ti ribnititMui in a nrc«nd, I- #., 
uiolnding n mngi^of eigbtocta>^ft, in the lii);lif^st»f wKicb tbcvihra- 
tionn ttrrt 1 ^8 linir^ more numerous than in tlie lowest With light.; 
the nngp ih ruurb mott limited, and extendi not i^uite ao &r ah 
I "to i";^. The aTcrap:Itmgthofft wove ofwhite light IB T^irw iuih 
bnt the lcng:th of the wuve, »^ ni-ll &« its frequcncr, diflcra 
in the difienmt ooloiuv; in red liftht it ia longer, being aboni 
irrtsT of nu iiicli, while in violet it is only v^fvn- '^le number of 
Tibntiouft U etttimatcd at l^vc Inmdred million milUona ]ier Necoad 
(jCOjOOOOCO,occooo)inw]Litc'ligLt;Jurrd]ightGt483,ooooco,oooocx}; 
and ID nolct light at m much as 707,000000,000000. 

(109) One of the aimpleet, and at the fame time mort 
l>fiintiftil pTXwfo of the luialof^ in the mecluuii^u br vrhidi Mnuid 
aud Li^ht arc produc^tl, is exbibiU-d in tiie plicnoaurua indu 
tmdcr the term inttrfmnce. 

It \£ wHI kitowu thai itheu two ■tn-tclii'tl Htrin^^, sot in an 
with cwh otlier, are slruik Kiuiultutit^inutly, i-iLcii giv«» iixomi note, ^ 
uih] tlic coiupciuud sound produfX'd^ uuAvad ufgnulualty ond unilurml; 
djriii^ avrtiy, i» ftubjcct to a euceewton oi ultiTuate iniixiiQa and*' 
minima of iiilciiAitv ; the round idtcruAtc-ly die* awaj tuul reviwv ■ 
aCTcrtd time* in nucccAfiion before it finally becomes inaudible , 
thuft prodiUM>« what aix* tvrinccl hitaiit in the not<v. Tluxo 1*rats 
uiv line to the interference vi^i C'Uirk utLcr of the vibraduna frotn 
the two atriiipt. A» one ntring is vil>ratiug a Itltlc* Jjtftcr than th« 
other, it nitint happen tliat th^ direction of the tibrationA iu the 
tuo utringi at certain tnotnents mnsC noiucide: at tltin ^loint wo 
bavc the maximum of mmnd; the period* of TibratioD will 
gradually recede, and ulttnintely oppose cadi othisr and pnxluce 
momeutaiy silence. 
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A^n, vhen two ot^uai tni|>al8 




12 pvcu &t tt Httlc tli»t4acc from 
^WB other npon tko turfiu?o of n Mill sbwrt of wot«T, each WeoracA tlic 
oe»tn> of ft fiystem of ivavtu, which utliiiiQtcI}^ crou o«oh other, 
auil alumiAtely itictvia«0 and dimuuch tho oETecL of esuih olhor* For 
oumple: if in fig. 69 the coucentric carc1c« reproaoot two oqual 
f^vlenw or waTfw in wntt^, 

aettiag out MiuiillnnccKUflf, Fte. f»c^ 

ikcy will iiiierittct each 
other; the lenfilb of lX\e 
wave is in esch system tlie 
■UDC: vlictc the crests of 
tile w^Tcn <H>iiiciilo, the ele- 
Tatiuu will be doubled ; but 
where the cN4l of oi>e wftre 
comcides vith the do)ire»- 
noD of the otiicr, the water 
will nrtain its level enr&oe, 
ThOAC |Juint« will i>c€ur in regiiJu' fiocccfisbn^ ftud Ibrm ' tiaes of 
double djattir)iiiicc atui no diKturhiuicc.' Th<: 1iac» of double dia- 
turbance, iixlicntod in the digram hy the |>oitii!t where tfif ctrcics 
toitcA or cut eacA other^ occur at diMattce^ which {lilTer by the tniir^ 
wMh of one or luore waves. The iDicrmcdiate points, or points of 
ito di^fiurbsJicc^ arc Mtuatud at distauces trom the ccutrc^ dllTuriiig 
hj an odd nnnibcr of Jui^ wavesi the firi^l will occur at ibc di»taucu 
of half a WArc ; the !v:c<nid at a wnvn aiul a bnjf ; tlic third at two 
iravos and a hnlf, and 00 oti- Xow thcssc iilicnotucna of utidulntioQ 
in water and in uir, hait! au ^xact couutcrp^irt in the case of light. 
If a l>caui of lif^ht of one colour be admitted iatoa durkouied 
room b^ two wiiall apcrlun^^ Huch a^ pin-holes^ placed vor^ near 
each 4Jtbcr, and the light which crttrrK he allow«^l to fall upon ft 
arveen jnnt hrynnd th^ point whi-n^ thf? oiitnrmjnl tuy* at ihi* two 
OOUM internet eacJi other, a 9(iK>t i>f iniTnuuK^l lirij^btrieK* in Hi^cn 
where tlie Mrre>?iu U inti^ntect^iil by a hue at rl^ht anjflen to il, and 
wbii^h aUo bisei^tj* at ni:ht angles the liuc joining the two pin-Koleft ; 
on cither side of ihiB bright spot will be a M.-rio»of batid«,ahcniat?lj 
dark MoA light, although the dark bunds m well aj» the bri^^ht 
spot* are receiving the rny* tnnii both apertun^. The additioTi of 
Ught to li^bt hvi here |irotiuced darkness. Let o q, fig. 'jo, rcpresciit 
tbe two j>it)du)les, and a b c d a section of the screen ; let p a 
bieeet the dibtmn^ between the apertures a; right angles, and fell 
TCrtkaUy on the bcreoa If the spots a d c d cacli represent the 
ctHitrc of a bright band, o a, Q a, will be formed of my% the patbs of 
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which arc cqiul ; o n, q e, will differ hy Xht Itngih of one w&tc; 
O Cy Q c> by two vava j o d, q i^, bv tbm; irA\i« ; and tlic black 

btfm<l» brtwoCTi ihc bripcbt oui» 
tvill bo formed bv the inteHmu^ 
ofrayi*,tb(> pnlbaof wbicb HifTcrin 
length RurcrtKir<*ljr hy hn!f ti wave, 
n vtttv^ juid m luilf, two wnvcs ftud 
a baif, &o_ — (LWd** />r/t«vj» oa 
fAe Have Theoru of Ugkt) 
The lengUi of the paths traversed bj the ra}-^ fh>in each 
aperture is equal in the ccntml tpot a, and tbe intensity of the 
light is thcrrforc increased ; as tbc path of the rayn on cither aide 
of this bccomcA mcms or leu oblique hy rtf^ar increase or 
dccrnajfic^ the lengtlu of tlio^e pathn mu*t ncccMwiljr be gnuloallT 
aiid progressively auffmented or dinimUlied; oonaeqiivntlj the 
Dumber of tuididatioiia in each vill be proportiouatdy incrtttsed 
or dimini&bed. When the lengths differ by entire nndulationa, a 
bright batid results; n-lum they differ by an odd niuubcT of half _ 
u&dulationK, darkncM eniniCK. Kow as the tnclinatioD is pro^rcsaii 
tiierc is necctuiarily a prognvsiire paMua^ fVom llic bright^^^t lightf 
to the mofat complete darkuesa: by intercepting the light Jfom ono'* 
aperture, all the dark baud» disappear* The tncasuremmt of tlie 
breadth of one of these bands affords one means of determining tlio > 
length of a vntvu of light of that pnTtk-tdar eolour, if the Icn^h 
A r Ikj kiHjwn. Further, tu» tie length of a aa^u of light ililTcrs 1 
lighta of dilTerent colour and rdVuiigibllil}', being longRHt in tiw rcd^ 
or lc»»t rtrlhtJigibleT and bhort«at in the violet or uiOAt rcfrangililc 
ones, the oolourod bands arc- brondcat in the red and narroweat in 
the violet; and if the experiment illustratoi by fig, 70 be porfi>rmed ^ 
with white light infitead of with light of one oolonr, the ovcrlappiiif^fl 
of the baniU of the difftrciit coloum produeM a vLu^ncfu^ion of iri- 
dearrtiit or coltntred bandit, ijxatpad of mere nltenmlioiu of light and 
darkness. 

The pheTiomcnon of interformce is one of the most fVmda 
mental properties of light; it, indeed, takes place uiih common light 
under all circumstances; but tlie disturbing Gnuses in ordinary 
eaacN exactly oompcn^^tLtc eadi otlicr, wid it if^ only by itileroeptinf^ 
part of a ^lenoil uf ray», ho aa to remore one-liulf of the compcn-^ 
aatinj; system, that the disturbance produced by the remaining half 
becomes manifest^ aa in the cxpenments just described. If n^ 
a brilliant plane reflecting sur&cc, suoh as a polished plate of it 
a number of very fine lines be traced at equal interraU, «o ' 
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tltrre may be &oin looo to 3o,coo |icr ii>ch, n »ui-fnoc i« obuiacd 
wlut'li redcottf * mullitLiile cti* divc-i^-m^ c<>»c# of Itglil^ in couac* 
quntiTc- vf tlie utMcnoe of rvHtvtiou ut rc^;ular mtcrvUt comwponfl- 
ifig t<J tbe jpttofM ; thc«o diu»4» t>f nvK iiit4*rfort! mt tlicir odge« 
nritliotil <^m(teittAtion, nnd » ftcricfi ofooIourR of tliu niiHit bnlli&iit 
tinu ia |)oraept]ble. A v&ricty of nnhirai objecta ou't th<* ficiLit- 
fcifii] inilfviecnt jAjky ofcolonnt u-hioh thi^pKhibit, to ft fttrii4>t(ircor 
thb kind, tM in nliuwii in tlie ri'iLtlirrv uf tii&ny binW 'IIig Iiiipa 
of motber of i>carl uikI <Hber '^iitlly stniolurLw arr- alw due to tbclr 
mode of fnnnatioa iu sucocsBure extremely ttiin Uiiuuic, tStc vd^s 
of vbieh fbnn a a«nes cf ktoovca upon tlieir surfuocn uiid tlitm pru- 
ducc the phcaomeiioii ; itnpnMffions of tUi^'sc ^movee may t>I^L'ii l>c 
taken i& sctling-wia or in fiu^lc mtstti. And the aaiue |ilay of 
coLMtf* in tlu» obtoiaiil tn thf* imiin-fuiotiA. 

(i lo) Vetotrt <^ Thin PlaU$. — A ditTcrffiit *ct of colours, aUo 
depmiJeiit f<ir tbeir nrigin upun iiiterfcrerice, ore those termed ibc 
colours of ihtn piates. Ify di|>piii^ tlie mouth of a wine giuutu 
into n soliiliou of mo^i in ttiitn*^ or ntUI better, iuto gum-wutcr, 
a bubble may be fbrtneti ticrcM it; if the gia's be Jjud apoo ita 
aiilCf the tilni bcawncs pnutuolJy tbrniicr iuid ttiintior ^m the 
action of (^ivUy, witl if vitrwed by nrrtt<ri<Kl liglii & m-ric» of 
irMlcairtiit tintn U clevoLo|ied, iucrcaslng m brilliancy until tlic 
tmbbJt! becoinc-ji redueed to a Atate of extreme tcuiuty ; it tben 
a{i|ic9n \Amc\ at tlw tliiiuunl ^uit, ond a|jccdily Imi^tif, Tlitt>e 
Oulcmrd afc due to the iut^rfcrcmrc of n fiart of tbc tight wliicb ia 
rvflccud from Itic moof^ »uHiu:o i>f the film, iritL that vhieb U 
rdtcctcd from ibc tint i«iiW&cc, Any tnuupurciit objixt, Mtrh aa 
glactf, thin lilm^ of mrtallic oxulea, mien, &o., if reJun-d to i^'Muar^ 
tif «tllK;imt tbiutiem will products tbe flamo edWt. Tbe purticular 
colour \% dq>endent on tbv thieknccw of tbts ^m. )u tt'm|Wrisg 
■trri its Mir^ic become* covm^fl vith n l^ltn of oxido, ftnd the 
vDrkineu jud^!^ of the heat by the colour produced ; the higher 
Lh0 tetnperatiire vbieli n apptW iht thicker docs tbe film broome. 

1'be bwft wbi?b reguht<.< tliift phenomenon vere trtieed iritb 
grcAt ingenuity aud Hueecas by Sir \. Nevitou. He i>laced a convex 
lena, of a \xry long nuUufi of eurvniure, upon the fiat 8iii&;e of 
a plaiiOMN>ni-ei lei.%. Fitf. 71 



AovH a section of both leiues, 
the rairvature of which is ujuch 
exaggeratod. Around tbe point 
of contact the riugv dcfckficd 
them wires with a black spot 
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in the <*entM*, m an or^er de|j<r«d*mt 
iipftii tli^ Uiioki>rsA of Om? film of nr 
iucliulcd l«:twccii the two pUtes (fifi. 
71). Knovitig till- i^ncivnity of Hk 
upper Ictw, he was nhlc to calculatr 
thir tliicknrw of tin- lihn minmTtl to 
pnxhic^ any pien tint. He ibim 
fuuml lliai there ia a limit to tlie 
thickness of all txaii&parmt ohjcfla, 
boyoQil vliich they ccwf^ to he visihlc in reflected liplil, ami 
aaother tliicknces ahotu thift, hc}'oncl which thcf reflect otkly vliite 
light : Ijctirci-n litiw^ tvro poiutA tJa* flienofiicna vhich we arc 
now coii«iiLrring tiiko pla<^e. llie thicktieMen of tbe»e filrua 
vary with tlie imtiirc of the reflecttujif |>liite, t>eui)e iti the iji- 
Terae mtjo of ita rcittteti^-e iuflei. At and beloir the chiekiicaa of 
tta i po a ^f ^^ XDcli the tilni of aLr exhibits h hlaek spot, anil above 
-itAWd It reflects whiti- light. In trater at g of a miUicmib tif tm 
inch a bloc^k s^iot fnrmii} whore ijrf^nv tlie rtAnctcd liglit is trhiUr. 
Glaas producer the vsuuc nrvult at all lhu-ktir99W3 V^li>w j ga^nra of 
mn inch, aiid reJhxta white light at ail tlikkucnncB abuii'e i oV \ftoa 
of ail kjich. 

TIjc onlcr of suect«*ion of tlie cokmri constiliitfw vlutt is tcrmril 
Ncuion'M 0caie. SixorbC^ou Bonc» of u>I»ured banita ma^' thu? h^^ 
diatinetty tvaoed. 'DkeM rhiga wbcn praduotd by UDiuogmeoO^^ 
ti^ht itppeur altonintely briglit nud Uaok } the wtiUh of tJie riiij* 
u <h-|)eiideiit npoti tlie colour, nvkii is greatest in the l^aat refmn- 
gibi5 light. The m'erlapping of the narrow nn^ by the biDatler 
Oiiefc in thr tnitc'cl )i^ht iif ihiy, N thtiii, elk in ihr caiu^ of t\\ 
coloiirird ^nti'U jirrHUu?ecl by iiitcrfen-iiec, llir mujtc of the hrtll 
&uc«ea«ioii of ef)h>or»- 

A i^inulur, hut filler ten^ of i^bmr^, may be seea tu 
light Lliat ia traii^niittcd iliroii^L the lilm, hut the tiuta mre iti 
ca»e POiiii>lcineBtary to those of the rcllected rays, lly im 
the ohtiqiiTiy of the iiieirk-nt ravi, the breadth of the raya 
iuereiifctl in lioth tnujKmUu^l :tiid reflected light, llie tiiitA i>f 
traaaniitteil rup arc much \y^UT than iho»c wvn by reflec' 
llicy ve produced hy the inlerfercoce of a |Hirtiofi of liglit tvii 
reflected witliin the plaic, with the beam directly truiiHmitied. 
In fig. 73, ) H represents a bom of l^hl inddetit upou 
film, r p ; part of the light, » v, i« reflected, and part^ a a r, 
niitted; it s, Ihc !«(o>ud Hurfaoe of the lilin, a portiou of 
light la again {lartially reflected to t ; at u part i> transmi 
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and intfrfiiTeft with tlw^ reflected 

ivirticm, IT X, at the beam k o, ^'^» TA- 

which fjilK ttiMjn the upper siir- 

Ikoe of the film at the epot wbcro 

a D euerges. Now, i^incL' tine 

le&iEtha of tbc paHn^ of thr n^v, 

I ft s r, aud K L' (Ufler by a fVa<N 

tion of an tinii illation, ovrin^ to 

the rcfnu-tion uud reflectioD of 

the porliou R s r within th« 

film, inc«rf«reiioe 1x*t«cai tli« 

two rap ramlU, tnd colours ar« 

[irofiuml in ibe rcOcctrd bnun ; in adtlition to Aift notion, a 

fmrif V V Iff, of Uu3 beam, i n» in & ficcniifl time refteetfll, niu) 

pmng o«t oil Ute lower surface of the film, interferes witii '.he 

(jortion of a r, which U dircctlj trnnsmiticd, and Uiub tbecoloun 

ill the tnnHmiUcd light arc oocwioncd. The dotted line, v z, w- 

pmetits tlic track which U taken by the portion of the mr k v r, 

irhichuDdergO€flretlei:tH>nfJrom ihc iutcniid lower nitfoec of the film. 

liovht^ Htfrotiton — Poiarhation^ 

(i 1 1) Ihuhlc Rt/rtution. — Tlic Iftw of refraetk>ii (9;), whi*"li ia 
true for itntcr, for gbwt» vid for otkcr houiopE^oeouA ovcrTauUiEcd 
medin, docv not extend to till tnottpurcnt bodiob. In all ImuApanmt 
crrKtaln, <.xcrpiiiig; tlxKiv bcloogiiig lo tbo r^pilar «<yatcn), the fO- 
firacted ruy i* n'^Ulivkded into two portiouji, »»d benco such bodk« 
■Ttt «ud to |iu«*etttt the jpcOfter^ of doalU rrJruHion^ 

Tliiv reioarkable aot>oti upon light i* hent exhibiti^ in the trattS' 
parent irTtiitAllaed rnndy of cwhcMiAte of 

lime, known aa Iceland *p«yr, Ptaoe npoti Fio. 74- 

a doi, 1/, QLadc «pon a aheet of white paper 
a rbombohedron of Iceland «par, as a b, 
6g. 74, and look down upon the dot 
tbronffh two of tlie iMrnilk:! taeev <if tlii^ 
riioaib : two imajfca, o, ^, of the dot will 
lie vc«ii iuiHlcad of a an^le one ; and if the 
erjrAtal l»e tumtrd round n|x"i the paper, 
kecpinjc the eye su^kIiIt fi\ed, one of the 
imfli^ will appezLf to rotate rctuud tlie 
otbvr whieli preaervee \t» filled jiovitioti. 
Tbr line ttliieh joins tlxe two imafccfl of 
tiic dot KB, under all circum^taiMTes parallel to the di^;oiud, a a^ 
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conntx^tbg; the two ctbttift^ aufflea of the cr>-»itiil: tround Ihi* If; 
tlic (tifTcri-nt pcirU of the m'stol arc synmirlncNiUy iiirftticn). 
UiHJu viLi-ylii^ the obliquity of the incident ray ui>ou thc^ tmrfoct*, 
it ift fcuoi) ihat the i^&nctfd my rvhich wa£ etatjnmiry diirinf^ 
tbe mmxmcikt of rotation, prevmrcs the ctMutant ralio of the 
Biuc% Bill], JU^ ill ^inltnary cmlm-:^ of n^fnicttoiJr fiilU always ju the 
pboc of th<- iiiddeiit ray, ivliiUt in tlie other my the ratio of UiC 
sbuw raric!* at diflcrcnt ohliquiticA of the iticidc^riL ray; aud, 
itig ill two poaitioiK of the cryetal, tlii* refracted ray twvw 
in tlie [itwic ol" incidct^oo. One of tbo refiacled rays followi 
nearly the uiiaal law of nrtrac-tiour and it bcuec termed tJie ordi 
Rffry ray ; while the ether followH a cliHcreint laa\ aiuI ij eallcd tlie 
cjtrttonihurrji rwy. Th(?rp i** one moarkablc rfircctwn in the 
cryMal, inwhidi thU ajJitmi^ of the ray does iiot laki? phijec, a 
<ltrcctiou |iantUd to the line ahich eomveeta tlie luo o)itii»e angleH 
of t1u< rhoiuWiL'di'ou ; tbi> liuc b called die optic axis of ilie 
cnnlal. Tu rvadcr thifi obvious, a slice of the miueial lUAy 
cut iu a direction pcr^ndicular to the oplio 
c d> Ag> 7,5 i it niJI he t\>uiid i>ii louVliii( al a miuute 
objcci i^tcrpiMidirularl}' tbroxigh MKb a plate, chat % 
t-vufc\<i image of it onK will he >ee«i, in all 
pottttiotii, iL doiilile itnn^ wLlI be %'iiilhlc. 
tfepanuioii of Uiv two tmagc« iucrcaMs uith 
ohUijuilyof tlte woidt'iU Ught to the optic axin, tmlil, 
wWi> at ri^hi uiiicliii to U, it alcaina it^i niuximiuu. 
The point at vhich the dlKorenre lielHeou tlie t,w<i myt attiititH ilA 
iniuinnmij in KeWtoH for ilptomiiniiig the index of refraetioai for 
the t-xtnumlinary ray. In the cmc of Iceland spar, the extmoi 
dinary ray i» n-fracted lew poweifnlly tlian the onhiiary ray ; s 
ciTBiab aie termed nfffative dotihly refracting cryrtals. Liatanccs 
however are mit wanlinj; in wlii<.h the i')i(rft<irtlinar>" ray uiulerf^om 
the ^catei- refraction of the two^ aa^ in ()uari3£ and lee. S' 
crjvtals axe said to lie pamtive or aiiracHve. 

Both rays^ if thcry emerge from a suHacc pfLraUel to that 
which the iuciilr^nt ray cnlered, arc paratlel to each <»thcr; but if 
tlie sur&ce bt; inrlitud, Itothrayn prtXM.'cd with increasing divci 
each e\hihitin^ the eolouiH of the [^riMnatic K|)i^-trnm. Jn 
cases tikc thick<T the crvHtal the greater ia tlie hi |taration of 
trounagts. 

(112) CrystaJlized substanceB may be divirled into two 
ncoordiii^ to thi-ir action u|>on light ; and their optical propertii 
are iaiiinately idatod to their crystalline form* Thus wc luiTC:- 




chat %^ 

th the^ 
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V, Singlr ir&actUig crjsUla : — Tbc4C all belong to Oxt rcgokr 

3. Dcably refracting cryBtAl« : — Tbcm m»T be Mibdividrd into 
tvoolMaoL Th<i first jtuWlftaa, hke TccIaimI ipnT, prc«enU valy une 
optic flkXw in vliich no <1oti1)lc rrfmction orciirv, miil it luciudfitt all 
Gryiftal« of tli« rbomliobi-nlml and tight H^iiare pruuniitie fty«tenw; 
mjoli t^fyMalft are lermvd >mMw«/. Tbe *r«tfw/, of «liicli aragonite 
awl nitn* %tv eianplMi, rompritft^ all ^ry^taJn of ttio ihn^ nnnnin- 
iug ttptemtt, — nam^y, tlie riglit reeianpuUr, tbe oblique prifmatiCf 
ftnd tbe dotihljr obli^ur pHfunatic ayftteins: they have two optic 
aiea, vhidi, Uowcvrr, da not comcidr with tiny of the cif'^tallitie 
asoB, but iiccur in nsult&nt din'ctiom between tbcm. Such 
Gr>'«ul& are aald to be Utixai. 

Tn bUxal crystftb, both the dout»ly refnicted n}-» obey extraor* 
dinaiy lavs of refraction. 

(lij) Poiari^atkm. — l^}tht that hmi been transmitted through 
a doubly rcfractini* ]>rifm, luks tindeTi^ne & remarkable modifica- 
tion. If nx^'nt'^l upon a Hocond cn'stal of Iceland ^par of oqiial 
tiiicknefta, placed in a Kimilar poation to the first (fig. ;6, i), both 
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raT« pom tliroii^fa it nnoliao^, eicept that they arc ECpamtcd 
l^irihvr fnim csidi other in proportion to ttkc thicluicw of thi; cryaUaJ, 
but tbr ritnonliimry ray will «iill be rvfnided c.MTiu>rtliiiHrilT, luid 
the otiliiuiry my vnliiULi'ily ; the; principat mcti<nt** of the tuu 
CTT^taU arc pu^UcK On causing; the ^ccoud plate to dcttcribe « 
quarter of a ixnolutkm, au that ttic jinncipul Motions ehalt bo at 
ri^t an^loflt na obovii at 2^ t»tiU but two iui4k(;f4 viU W iK^en ; but 
n^yi tho orrlituuy ray la rcfractcxi oxtraordimuriljr^ the cxtriordiiiary 
jmy i* rtfradcd ordinarily. \M»cti thp accond crystal dvsuribcft 



* la URiJual vrysia\it h primcip4i acefii/t ^ anlnni* which pnMr-it ininlid Iq 
tli0 4|Hw BiU, BD'f pff^nAieubir to aay fttoe of iho <ryital, uAltiru or artiii* 
ciaJ, up^ vhiv'h iha b^Lt 11 iaoidoat^ 
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anotlicT quarter of a revolution «« at 3, milie one una^ is vUihlPj 
tlic- my* pcpurntnl by the tin«t arc ivuiilud by tlic ficcoiul ; in all 
ot^rr iiitcnncdiato pontionji, each raj i* doiiblj rcfmctc<1, aiitt fV>ur 
intagotft bcccimc; vimHIo : tho intcruity of tlio inuigc» tiJcca tugt-tEer 
i» constant, otic pair fa^iii^ a*i thi? Pthcr iitcrouK!* in IvrigbtovBo, and 
vice ve*'9^* HucU rav, llwrwifurv, 011 iMoer^n^ from a crystal of 
cokarcooa apar, haa acqiurod nc* pruperrtiea ; it ia tu> longer snlijcvt 
tn fnrtlicT inMi\if<ioii by & &e4.*oi>c1 cryatitl wWi platx^l in jwrtirnlar 
posiDons. 'Hic rays in fact appear to have acijuirtd bjiIw, an'l to 
liavo niTV n*Jiit]on« to certaiu plane* vithui tlic crrrittal; vurh mra 
aiv said to be polarised. 

Uany cryTttaU vrheti cnt into plates pantlk-l iritli ibcir axi9,^i|| 
allow Ms^ia to \jn*» thruup:li them, whicb on «nierjfinff ia foniHl to^^ 
Iw MtnilarLy aftect«4 ; »oine kiiwlii nf tounuidme exbibit tltis jJin-^l 
nomenon in a veiy markeil uiaiuter. TounualiQC is a doubly 
rc&actinff crv&tal, throu^b wliicb ibe cxtraordinafr ray alone 
passefi^ the onliaarT my l)ci[i<^ nT>6orbcd. If a plate of lliis 
mineral, cut fruiii u bronti or gn-cn speeimni, parallel u> ila axia^^j 
a, (fig. 77, 1), be plac4-(l lictvp'ct-u tbv <-/e and a amdle, a ccmaJ^H 
ilcrable portiou of liglit will tmv^rsc the plate, an4 the ainotiTit of^fl 
lijfbt will be in no way alTcctedon tuniiti};; ihc plate roujid m it-* own 
plane; but if light vbich lias been tliua transmitt^^ through one plate 
of this mitieral^ 1x? tdlowcd to fall upon a sccoud xin^ilar jilate, it will 
travci'M; i\w uiibout iuterniptiou only wlieii tlie axca of ilut two 

pLutes are itaralld (flg. 77, j); 
Fi^- 77* but it will be aiuipkicly int 

' ' rui>ltx3 wiicre tlic plan^ otcrl 

nlit'u thi^ Mxoud pUlc U 
to dewrribc a ^^uitrtcr of a 
tation in it* own piano (l)j 
cbc a^ci^ of tUe tn-o platva are 
tbcn at ngbt aiigl<^ to 
other L La uU intomKdiftt<^ V^i 
tiotiBp Uglil will be tran<imitt« 
vrith greAtt.^ orwith lo-fvt int 
nty, rwcoiding u tlie Bxei are nearer to the parallel^ or to 
|i«rjkendiot]lar direetiona. 

If tbe two ]ienci]a emcT^ng from a rhomb of Iceland apar b^J 
daiDtncd by mesui» of a j»btc of tourmaliue, it will >)0 fi»niul tba|^| 
the crdimixy image is most intense when the ii\i^ of the tounut. 
line i% perrpcudicular to tlic jirincipal M^crtioii of tltr rliombciUedro 
aiid tbut it i> cxtin^uidit'd wbcu the axts of tlie tourmaline 
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|«raUe'1 to the prLKnpal ii4*cti(m, wliiUt the opposite rpsnlt* onriir 
vilb ibe extraai\1iii»ry my. Bolli my* aro ihereibm p(iliiriKi>i), but 
under diA*rrn1 riiviimHianr^oft. 

(114) Polnriution may also be cficctcd bym«wi# of reflection. 
Whenever H#rl(t i» rtflccttd from the siurfucc of a tranaparrnt 
nicilimn, a i^iTUiiu portion of kucU liirlt umlui^ooi this reDiurkuhk- 
clianjE^; and at m paritetiW uitgle, vauying with each tULvUmn 
u^conhof; to its refractive power, the wltolc of the inridtnt light 
tlui i» nrdcctod is j>oLirizcd» This oticct takes plucr nhrii the 
rvlli'ctn) uiil iIm' refmi-kxL my form a right attgk* nilh ea«Ji other: 
iIm; liiglKr i\ur- rv^raciiug powtT the greater i* the polariKtn^ ^n^c : 
with ^Ima thiA ai^le i:* 56^45', uilh wnier 53° n', ami with Icc- 
hmd ftfiar 58^ _5i'. 

When lifjht which lias been pol&ri/.ed hy any of thcw* mean* is 
ciamiiMnl by a rcltectin;; plate, inclined to the ray at the* jM>ULrixiiig 
angh'', oth^r miUirkibk- pnipcniow arc ob*prvo(i Common li^it 
will \it relk^cUHl inihircrcutly, nhcttier ttie n^teetiug ]iUL4^ he 
plaeml above or Mttvt the irt\\\ to the right or to tJie IcJl of it, tliou^ 
the ijieJi nation of ihe plate to the my eimtinite to be the wnnij:. It 
a not M willk |A>l&rtKed bf^ht : nuppuosr a lieaui tlitu adcctui) tc} 
fall upon any tjiiufpartut rellecUir incliued to tlic ray At the 
poUmUkg an^lc ; if the light be coinpletc^ly rrilrrti'd wlitn the 
uurror id plocrid bcliivir the rny, it will no*, be reflected nt all but 
br wbolty trftii«rmttcd when the pUte M placed on either mdc> 
and vh^'n placed above it will ii}*ain b*^ wholly reflecie*! ; at iiit4*r. 
roediato poiuta part will he re6oeteti and the rvmssiuler trantroittwl ; 
th« proportioa irliich it refloc4od u greitt^r th« more iu>arly the 
plane of th<^ t^vnml rHlr<'tiim cninrifle* with fbat of *hf" fir*t, the 
l!^ht \n'\ng wh'>HT traitMiki1t<.-d when ibe two nre at ri^i;ht angles to 
rach ntlfter. 

Tlie»e fiu.^A admit Fw. 78. 

of ewiy cj^perinienial 
ITTockf. Provide two 
Inbvs, B c (fi^. ;8), 
which art? fit let I 40 
a» to allow of their 
bein^ tunu^l rvnuul 
one within the otlkcr. Fastra obliquely to the end of each tube 
a lat tmu*pan?ut plate *>f glass, r, a» sw a* to tbnu an angle ot 
56^ 45' between tlie liiic f a^ and a i>t^r|>enrlii"ular la the point at 
vrLi<rh fi a f:dl^ upon the vurfaee of rm.-h plate. The tii)>c », with 
its attached plati; a, can now be turned rouud on the tube e> 
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without mlU'ring tlio incliniLttDn of the plate io m tnj pOMng 
nlon^ iht? axiv of the two tulH^> but tbc |>]ftU; a, ftccordiiig to 
its pOHititiii will reflecl the ray upwards or ilowiiviiuilci, tci the rigiit 
or to tlie Ic^ft. Wc can therefore jiHrr ihe phtto in uhirli the 
reflection is produced witliout iOtL-ritig tli€ angle of the reflector to 



Fn>. 79- 
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the ray. irihcU^tM 
be corumon li|cht, ^" 
mdi ii4 tlint frutn 
& cauiile pboed ad 
at J, iiu mat 
whether the pU 
A be plaa<U IkeIo' 
tbcrnya«infig.78, 
orabm^ itaa ui Gg* 
79, or u> tba righl 
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or to the Irft, an ol^MTTrr plarci) in llir dir<<Hii>ii which llic rc*1 
tkcttil ray, UjWtmlil follow, w-uulU ml- the (^audlt' tUntiUL-tly; hwt tt 
€*ac would be difftrciit if the c&udlc were plaocd tti ni i, 'whc 
the h);ht would be rcfloclcd from the pUtc r, ftlong ihc nsi* *>f i 
tuho* ; by reflection ft; this partieuliLr nnglo it wotihl hr polnriatcdhl 
So long UA the pintc a rrtoinft tbc jxmtion n*|>r?v»f!ntiMl in lig. 7tf, ihi < 
roflevtod ray would fall Ui the name plhno n« that in whic*h pulart« 
xftttou UhA pJ:u?a. jfcud iftio oaMidle nonld \w. isaen hy aii ohttemr 
stationed in the direction of the reflected r»y. But Huppose the 
tube » to he tunted slowly round tlic ray; hy following ihfi 
image a^ the tube is turned, tlic light of tbc eaiulJe will be %ccn 
ffndually to heooinc Caiutcr aud tnintcr, until, whi-n the tube lus 
been turmrd n i|narter of the wny round, it "n'ill b^ nlmoe^t iuii-'^ible ; 
the plane of reheetiun i» now at ri;:ht angle* in tfuit uf ]BjJariz4< 
tion, and the lif^ht wluch falls upon i ia almost wholly tratiA* 
mitted ; on ttiraing it further^ the light agam becotnL-x tiwrc ntal ' 
niDre distinct, till, wbi-u tbc txdx: buK been turned hiilf n>uml, the] 
ooiidle in weii hh hrightJy a.H hi fmt ; tho plunt? of r<.-floetiun 
coinculea with that of |>ohnf;ation ; if it be turned dtill further>J 
ftt the third quadrant the light ngain difap|»carB, until, on com*] 
plcting tbc revolution, it is u difltinetiy i^ibje as at lir9t« 

The plane of n^fleetiou ni whirb the polAnxaliou w«j* pioilm^^^ 
ts called tlie ptartf^ of /joiarUatkm. 'Ibe origimil |iJiUke of jroliutxa- 
tioD nay be easily attCMrnainc<l in a ray, by wlmtwer meiinct it ntay 
have bem pot^jiieil^ aft it ia alwayx at riglit un^Elen to the ]>lane t^f 
cxdnction. lu Ihiti manner it u proved uut unly ihat tbc douldy 
refracted rays ti^uiMnitted by Uxltuid »par aivcach polarized, but Lhat 
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they mre |mlanit«d in jttao^ at H^lit anklet to e«ch cUber, tbe onli- 
auy ray Ik-iti^ |)(>lirin-<l iu the |ilani^ of eucrgence : in the cose of 
toonnalirip, ic in found iLat lUe ein4?T]^nt nij is poUrueod in a piano 
pei^nilicular to tiM axis of the crystal 

When tht condition of polarixAtion has once b«en irnprfi«9cd 
Q|MD a 1>etim of li^ltt. it contiiiu*.^ to 1>e |)cniuncnt, vrhvtinT the 
auhaniiicnt couree of the niy be loiig or vtioH, pflrorided it con<> 
tiuiw m a linnir^i-iK'CHiA m<xliittti. 

(ii_5) Disti^etion ^tween Common and Poiariz^ Ijghi^ — 
Evrry beam of common light ap|)cars to consist of a rapil r^iirc4S<^ 
mun of sytXcmA of waves, c^ch ^istcm lUHluJating in a dctcmiiiuLto 
|>Une, Jilvmjrs at right n\\^\*^ to t)ic tllroction puivuetl by the 
ray, buc the iiioliii:ilii>n of tluit gihioe in one »ystein varies at 
aJI poasiMe angles with tht^ jilaii^r of \'il>nition ia tbe pn^ceding 
mnA succeeding aysteiDH. As a resolEant of tli€«e varioua 
inotims rorcmon light m&r be rcj^rdcd aa oomposcid of tvo 
bcuinjt of light nhirh arc vibratiug in pUn«s at riglit angles 
to o«!b oih^T. P^ari:^ li/jfU diflVrs from onliiiary %bt iti 
beiiL^ pnHlurt^d by TtbmttotiA in a Kiiiiflr* |iaiu^ onlv, thai plane 
being CO iiicid rut with the plaiw of |H>lamuliou; ' aiid titc |jbctM>- 
iDcuou of polaruuliou iou**iB(a Mtiijiljr tjf ibc n--»oliiti«ii of tlic 
TibratiauB uf cifsiiuuiL li^^it into two Bct«, iii two rcc(angnUr dirco* 
ti(>ii*r and the sub^N^^ucoC scpuratioii of the two syxtcnu of ini%'C0 
Ihiu |ivoduood' (Lloyd, op, eil, port ii, p. 29)- The eflbct of s 
evyatiil of Ith^UuuI *par up<m <?i>mLii<)n lij^ht will 1>e bott onderttood 
hj coimdcrii^ it« actiijti upon a biram which baa becu alrsad/ 
pohkriaed. Wh^ru a beam of light |iolarw<d iii any given plane &]U 
QpOQ a crystal uf IceUnd ^itar. it i« ^plii into two portmnx, the 
{obUMity of vbiob varicH irith llu> indinalion of tlip plane of pola- 
riiatton to the pdrincHpal tcction of the ciy^td, one beam vaninhiug 
allAffctlKT vrbcu tlu* other b at a maximum- Xow common light 
CiituiatK of «»eoc*Mivv N>^teina of iravey, each tfyttem during the 
mtautf fnictiou of a aeeond, wliicb forni« tlie |ienod of its dura- 
tiou, buiii;; in the condition of a pi>l;iri»wi Ikcam; for its ribrationa 
Oc(*nr in oue dotiuitc plane. When tLo uniUdaLJon« lidongin^ to 
one of these systems &]1 tipon the spar, they arc divi<h^1 into two 
(iinioilit of uiMK|txa] intnj?*ity> bin tiding to tlic exlrcaiely brief 
(lurutina of eacli Kjr»ttrJi^ tbe prnK^ils^ produced by aevenl bundml 
of these n'atems iu tweewion are mmuUoneonsijf (so far as tbo 
^e can pcrofive) thrown upon the same spot ; tlic f^rcAtcr iutea- 
siiy of tbe ii^Ut produced by tome of Cbcse aptctD» i'ompenantca 
for the feebler mtcasity of otfaci>| and the resttltant etTect b the 
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prcMlocticm of two Vaiua nvhich arc of ci^unl iutctiKitj wli»ic-Ter 
be th<T pofitiun of the »\y(ir. The rc*oh fi" lln^ lumlyitiu ift llio 
eumo 0* ihiki wliicL would have hc<u TioWf^ hj- u unmpouufl r«y, 
ConstBting of two otlifrr ra^ potixriMN) in |>]Mictt MX ri^lit anglr* to 
Cftdi oth^r, ono plnm^ r*(ititri(Un^ witli tlii? iiritioipnt ttectioii of t)i4! 
erjrfttal, Mul llus oOkt Imiijc "t n^hi mciglo* Ut it, ^h 

3iiK« tlia vibralioii* of a ituUnx^ r&y Alvft^s ocrur in th^H 
aamtr pItitih, wp nmy. ^itli iljt* awtiFitaiKY of a nwli' illiiitrntit^n, fartt^^ 
BOiuo idea of tbc reason wliy ii apjuio^ to hv po!<*o<3<tl of aide*. If 
VG iina^iic the rttii^iiig Eurtocc to be nuulc up of a series 
parallel fibres Ijring odIj in one dirpction, lIieK^ fibres vouli 
allow tliopownfE<^ of kII iho myt* in conimoa lixlit which tiiiduU' 
in H pkntt immllcl to their din^tioii^ and wotitd rdicct the rt»t ; 
irhibt |»oljuixe<i H^hi, if uudulalm^ in a pUiic pAraHrl to thi 
fibres, would be wholly traiitmiltcd; but if ite uuduhition^ wi 
in a pldfDo at right angles to the fibm {l would be wholly rcfl< 
(!i6) Light may u|j«> Ik? |K>lari7ed at ot 
Flo Wo* anglcM by a mtii'M uf *llu^:e?i»iive rcllcrtioi 

from M'vt'ral platen; a ptle of giaflf plntcA, 
shown at tig. «o, is often made nw of fur tl 
purpOBc: the li^^hl })olan£>.^l by rt-th^etion 
jdwayflcc|unl in quantity' to thatuhieh ta 
Ued )j}' tnui^miffiioQ, and it w poUriied in 
pLinc ut right auglcit Ut it. 
(i 17) til all en»i'> »h<:n? u iiuhLrixol Ijeam b reeeivcil on a re* 
fleeting or aiiaiysiiiff aurtru-Vf the pU(i<- wf rellcction of which cl«« 
uoC coiiLcidc with thi- pImiE.' of jHilariyatioiij the phtuc of |)olari^ 
iion bcK^mcB clinngcd. The rol&tiou of the plane of polnrixatinn 
i» alvp-ay* townrdit lUni of refloctiou, aiid tho mnovmt of tUU 
lion dqit^TidH vijion the imgle of inciHcnoe wjiieh tho my foniu 
tfi« analytui^ plnt^. If th? light Sr inoidi<nt u|iod the aualrsi 
plate at the pdlariiring angle, thr plaiic^ of |Mdariyation is Inronfhi 
to coincidr wttli that of rt^Be<^tuni : luit th^ rotation of the jOahc 
of polaiiiwtion is Iciw in jimjif^niiiii a^ the aiiglc of iiH-ideiMC 
^fli'r« more fhmi the polarixiug angle: a corrc«pofidiDg alt<.'ratiDii 
ill the ptaiic of polamatiou U ctFceted by rv^action^ but in aa 
4)|i|XMiitc direetton. 

{i:S'j Cokurs 0/ Polarised Ughl.—Whtin m \vema of pdaiiiei) 
tight 14 tmn^mitUN) iu partieidar din^etioiLii tlirougti platv« of duulily 
n-lV»i^t»f* b(xlir»^ a seru* of »pU'ndi<l j>hcjjonieJJa arc obfierrcd, ic- 
jirnik-M Ujiou iKd prabictiou of coWtrn wliieli vary with ibe cireuu 
atancce of Uie exj>criincut. The amplest method of rciKicring 
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cotoon nnble conai5t0 In lulJuHting tvo mtkecton, so tliAt tbe image 
|M>Ian:F«d hy rrlV*ctioD from die Urst may be p\cini;nL#hcid in tfae 
acxiiiut. 'riir tipit U ca]l(.-d Uic/yo/aWWuj/r Itic MtxHiU tlic (Jiia/|Vf^ 
jtiate, Bt inUT>4luriiig » thiti {>lalo of suy doubly rcfrActinfCMibiiUnce, 
HiMrh tka miCAi qunrtx, or jnilpK«tr of lime, rut jjamllri tn thf optic 
lutw, the iiuiif^ MiiUlf^ulr rca^iptrari in iIk iirialy»iii}C pUtc, but it in 
tingnl of A inniciiUj- colour. If while tW my Wis poqtcutlicriLlarly 
DU tin* iiil«r]iOHcH plate, llie pljite bo tiini4xl round lu ttH own plojii?, 
tiru posstiofM will oociir in which i\)^ iua^o completely disappear*; 
thrae p(wti»EkH luv nt right aiigl^ to pau^h other. In our, tlio 
pniu-i|L'il iMTtwin nf thr plntir rninridr* vith iho planr (if polnri^ 
i&atioffi, wij in thcntlit-r it is iMTpcridicular tt* it. The w>hnir il*>fti 
not chanfn^ duriitjc thb mtiiiiour bnt only nLnm tnintnuity. Btt 
if tlic crystal retnain ti?ied, aaid thi- lUtiilvMng pbu? be made to 
rugate, tlH colour will piu8 ilironfrh cim^ ^mtde of the same 
ttDt> into the oomph^mraury oolour, and at each uiccecditie 
quailntrt the hue is exactly complemeniurr to ibat which was 
cxhiliititl 111 the pnHX'dii;^ one This rt^inarlcnblo phcuomeiioii is 
nuvt dj»liiictly ir^ii byftnbstituting a rhomlwliiilrvn of calcareoua 
spar fur llie aiialyMU^ \\a,Xi\ u.> \\a t4> olitnin tuo iua^H of tbo 
poJamcd beam ; ou turning i\)e s[iaT rouiul, tlie tiro images will be 
Mvntiiif-iil of mmplcmeutary htic§ in all [lartsoftbc rcToJnticBi; 
if the two images be allowed to mcHap a little^ the nverlnp- 
|)f>rtKin« will i\\ nil jMj^^tmikK \w^ whtte. \\^ MLryiiig t hi- thick' 
neasof the int^-rpox-d cnittallinc Inminsc, the tinbt will lary accord- 
tug to llie ihiekncB*, and the tnoceisioQ of tinu will follow the 
mnc order afl ici Kevtoii'H rin^ to that whea t)ie laminK c!3Lcetd 
»omain tiiicknesa ihe light \» white. The producttoa af Wmm 
eoloun* i» uoi confined to cryvtaUbw^l miucralH, bnt tliey are 
ubtaiiialiJe iit a IcM degree nitli Aubntaucc* of aniu^nl \m^m, such 
aft qttill, horn, or mecobraiiCi 

|i 19) Tf thr ery^itAlliAcd plate interponed brtwcen tlie polam* 
ifip nwl otmJvsiik^ fluWAMv IxT cut pcrprndicuiar to tlur optie aiU 
of a tmiaxal eiyptifcl, the tra&Hinittcd ray will rtill l*o eolonmj, 
bat the phfnionu'Don in didcrent, and btill aior<T Ix^nutifnL 
A »eHf» of eolonrcyl ritig^ «ill be oli*erved, interwiyt***! by a 
enwDt, which in one posilion of the ArwIvMng plate irill lie vhite 
(6ff, ^\j t)\ on misting the nnnlyver thmn^h an arc of 90^, the 
whitr iTOM will 1m fnH*orilnl by n bhu*-k one (f^. 81, l), and the 
riiijri i»f eiihnim will c:ibib>t tints dciniiilnncikln^y to those Ivcforc 
ohaerved : at tlie next C|iiadmni the cohmra of the Urat rcsiijicur, 
wbiUt at the micceediiu? <iuadi^tit they arc bgain oompk-mcutan^ 
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Botation of the czyetal on its own axis produces no cbaDge in th^ 
tints or in the position of the cross. 

Fig. 8i, 





Fig. 8a. 




Tlie general explanation of these &cts is not difficult : — 

K F p (fig. 8il be 
a section of the inter- 
posed plate, 1 the di- 
verging polarized beam, 
T T the tourmaline, 
u V w a section of the 
screen on wliich the 
image is received, it is 
obvious that the ray^ 
I V, which traTGTBe the 
plate P P, parallel to 
the optic axis, will suffer no change ; but all the lateral rays, i u, i w, 
which fall upon p f more or less obliquely according to their dis- 
tai&ce from the line i v, will be doubly refracted in opposite planea; 
one of these rays will thus be retarded u|K)n the other, and u 
soon as tlicy are broiiglit into the same plane by the action of the 
analysing tourmaline, they interfere, and give rise to the brilliant 
colours whicli arc observed* Tlic formation of the cross ii 
occafsioued by the absence of any change in the plane of polariia- 
tion of those rays which traverse the principal section of the 
crystal which cither coincides with the jilanc of polarization, or ii 
pcqjcndicular to it; these raya conaequently do not interfao 
when analysed by the tourmaline. The arms of the cross are 
alternately white or black, according as the axis of the touTTualine 
is [>arallcl to tliO original plane of polarization, or is at li^ 
angles to iu 
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id bonuc, the f^tic-nomciia nrrr even ni^rc bcnuiiful^ ft d^mblo 

of rtn^ being formed, in vshwh Hid ourvc* aro of a 

order, owing to iht moro complicated phrnnmcnft 

frcim the mutuul wHioii of llie optic me* ; the tttrff/cc of 

:i» lieiikj; »bl[<piP to )nith the»e tkxeii ; the ^^reaivr tU& xngXn 

nth CA0I1 otlier by the e^f*», the limher will th«^ ritiKH be 

lite two ixGA arc inclined to cftcli othi.T in nitre at 111 anj^l^ 

; in amgf»nitc at mi nn^lc of l8^ i^; in lx>ras at an angle 

«nd in to|}^ the taigh i« between 4^° snd yf^: the 

oT the ititemvling ctom varies vben tiie cryittalUne plate is 
TOtAt^ ; und tht- enlotirti become com)>leiiientary vrhcu the 
ifl turned rouud. The t^cml outline of these figurea is 

tod fig. 83. 

Fio. 93. 





puoiiluirly int^itnitiu^ cuuDtrxitm ha» been «rntnl>liahtxl 

lUott^ pheuomeaia and lUv sUtti^ of inoU-c-ular toii»iou iu 
1, hy the dtftcovcr^ that thcae appeanuiova nia^ at irill be 
in uiicrr«talli0cd me<Ua, such ha ^Xom^, or in regular 

whcifccver homogmeity is interfered with in rpgidox pro- 
,p Thill fuel IK reii<Lered evident bv tJxv appllcAtion of prcttsnpe 

to a strip of )cl<^**> whU-h pfr^-iniwly exerted no duubljr 

Finlluoue«- Th« purl* co[iipreiK<^d lu^tptiiv a tic^tiic doiihle 
m, Btjiarati-'d hy a neutral hne, where llie particle* of the 
bun thcLr ikor- 
mdition. from Fio< 64. 

th» opposite 
hieh have be- 
lted, and dioff 

double rdr%c- 
rhiH want of 

icitT exists 

nilj in gloM 
haa been un- 
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cotornsD ciicrLAt rtiL.iftiKJLTtotf. 




poifecttf aniiffftlffd, mn<l according to tite fom girra to it l^^ 
fulling, it IK po«i1))p tc> tJtco* the t4Tn«ii>n of the pomoica Ui d^^ 
fi<n*iit diriartiims, uni) prutltt^H^ th<- i^ht-utimctia of uniaial or 
bifiXAl <<rfMtat>i; tliiu t M|UBre, or a drcul&r plate, tK^longti to 1^^ 
DJittx^ ftyalem (aa bLovd in fi^. 84), while an elliptic plute oocafii«k«^ 
ringft refenUe to the tuaul form. 

(lao) Coiovred Grcviar Polcn::atmn. — There ^le, 
M8O6 in wliich llu; idnnr of |>ohLriK,itioii of tkc rny 10 ccaitiii: 
chusing durinfc xU. e.iitire pro^reai: irk »>me ^ulMtanceH it re 
from IdV to right (like the haucb of » clock) ; in othera from rjfbt 
to left. Rock crystal is the subfitanoc in whieU tliia effect waaj 
observed. If tlirou^h a plAt4; of roi^k crv^tal, cut p^rpcudii 
to it& axis, & polArixcd ray Ih' trui^mitti'^l, the plant* of polariiatnu 
imiiergxx* roUilion in a (ii'jnTi^-e pr(*iH>rtn>nrtl to the thickj«u ^i 
the plite The amount of Wm rotation ditTera for eat^h (^oloi:r, aud 
incvease^Aecording to the increase of tlie reiVanjBibilitj' of the vvja 
If the incidtrnt lij-ht be white, the cmci"sing hpjbt, vheu exAmi 
by an aualyniitg plate, is tUercfort* K^cn to be? coloured. The cmi 
portion only of the pencil of light (which traven^^ the aii» of 
crystalline plate vcrtlcalLy) rKhJbiih tlu-ste |>]K'QomeQa : nt oblii 
inndenci:^, tht- UHiud Inw of ititerfenmi.H- ptrxiuht, aiul c^oluurvd n, 
are forint^l. Iil lun-hatuh-il ijiiArtz tht^ ci-iitrul LHjluoiTi AM-'L-iid lu 
nesd<.% 1* hen the anal^^ inrr ia turned in the lUrectiim uf tliir b;uid> nf 
watch, Ihc »ueocA*ioii being rod, oran^, ycUow, gr^^tn, Sm:., and 
riu^ a|»pear to expand n-ith the rc\olutioii of the analyser. W 
homofconooiu hght in employed, cachooloixrdi>^ppcar8at n pAilieWI 
angle of Uic analy*<*r In cryttol* of quartz, in whieli th<^ Koondnry 
|t1sin<^ of thi* trryittnl arc arrat^gf^d diffcrfutly from ih<y^. of tin ■ 
hjuulc^il \nricty, thc-Kanie phtMiomeim ocr^ur, hut in th«- opposite di,... 
Hon. Tliero are aLao aome litjiiidH uJiich profhtoe «iwiUr <-ftretJt. Sola* 
tionaf»ii(*ar-eiindy. for example, i^ive^^ a Icfi-hnnded rotation : 

lemoua doea so likewise. Certain vnrietied of oil of u\v\<'. 

produce a right-handed rotation. In all thooe ease* tlic dejErrr U 
the mtation cITeeteii by hqiu()« 11^ much l«ss thao that prodiwej 
by quartx; and, coti>e(tumtly, the 1i;;ht must traverse a innck 
grater depth of the lluid to produee the effect. Turpentine baai 
|H>ivernot exceedifigT^ uf that of qiiiirlK. Diluiion uitli an inncJn 
liquid does not destroy or eveu vraken the jKJwer, proviileil ilif 
depth of the colnmn he iiicreawd in proportion to the extr.i' "< 
the dilution. A mixturt^ of two eubftanees aetin^ < 
prrKhtce« a restdc i-.\uct]r ct^uai to the difiercnee bet 
two. 
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Ikf , Biot, who liiiwoTerefl tito pUgnoammm of circq hr |K>)jknutiofi, 
b>a npplird it to cltcniicnl ]>iir|toM.'3^. It may \>r Uftcd^ for cxuatpic, to 
McvrUin th<* puritv of*vni|W; <TT*tani7abI<?c4iW'«ig»rciiu»t«alefU 
tuiuli'^l rotulioD, wliilc Uin rrukUiuim, or itucrysitulliKAMc tfrupj 

to lulmit uf iftTw'tL'jil af^ilitratiou U> the puriio^ei of tiie. n*tlu4!r. 
In atder to mcoAure the oit^nt of the lotatioa, the tolatioD for 
triAJ is phoed tit a loog glou tube diovm at o q (tig 83), 




clOAcd ait <li£ twa euilB by flat plates of glasa. lliiji tube U planed 
witbiii a iDCtal Iii1)c, f «, for ttiL- purpuM.' of excLuiliti^ itrny U|*ht. 
A iM-uin of borui^i'iiwjo* tight, oIiuJikxI by iranauiiivUin ihmiigh 
ml ^InM, lA jioLarijec^l by rtflcction front thu Burrur ad, A 
Nic^r* prirni,* or otbcr poluruiu^ eyc-picGc, n, i» so mount4:d Ji» to 
iulu)[t of rotiition arotind tho Uno <f t ; thi* cyc-piccc 10 jirovlilod 
with m fiToicr, m, wUi<;K truvonw* a drdv, /r jf, diTidod to dcgrec^j 

* Nirol** pri*u u a «iaiir«aimt nuwui of obtoiiiing a |)o1flruwd bcsm, 

dvpff^dtn^ upon tlm j^nj-iplc of tolid redaction (99)' It u (Tcj^nrrd hi Ihv 

fbuovtnii mjiDiiitfT t A lou;r rh<)intH>idal prinn of IwUnd np$r ■ dividod m balf 
trr a pl'>*<^ prr|q-n(ti<?nljkr to Iho plow of ^r lonjccr <liii£onjil of tlie \M»mi tJia 
li»r or snc-liun |>nA*iiii|; Uiri^tijch lfif< ■rpjHiniJo i^lfli^iir fkAii lAi^ln uT t^ prbu, 
to •* lo ilindc it ohLiocly uito two c^iul portioiu i th^ t«n U«lr«fl of i)m 
pr j TT »rv it«Q ro-*nitod by mcsnn »f Cui«da lM]«axn. Wbi>n liidit b Imun- 
'Tiiunj-li lljf^ prinni tJnntlU-l 1^ iLm lrti;ut1>, lli(< iiiridiiJl liglit fiUii rrry 
:; uiH^ lUf Iny^f r of Cvniid* hAWm, tmd lu lln^ ImlMam Lw n Hismllor 
-:iiTc iii<k>t limn lU^ orVmary my. thin my eij>erif>u(vfl total redeotton, 
L tlw ritrv.triiiiijiry mj akxir ii* IntnijaJTteJ. ljti.-nuiic die Ctrl^volivit liuioaC 
ilMUan hnnf* KmalAt tlian tLfttoTtlio nxtrftordinnry my, touJ r«B»etioiii 
I bM ODiitr in M cue. 
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for the pirpose of meflBuring the angular rotation of the eye-piece.^ 
The cyc-picce is then so adjitstcd, thut when the polarized beaiiv 
becomes uo longer visible, the vernier stauds at o^. Now, if th^ 
tuhe, o o, full of solution, be placed on the supports, a, b, so that i-^ 
shall he traversed by the reflected ray, i d, light becomes vieible t^^^ 
the observer at n ; but on rotating the eye-piece (to tbe right or t^^^ 
the left, accoi-ding to the nature of the solution) the image agai^^^ 
disappears ; the amount of the movement to the right or to tbe )^f;|^ 
expresses the amount of rotatory power exerted by the liquf ^ 
under tlie circumstances. 

An experienced obaerver usually substitutes the white light currf 
day for that of the red glass. In tliis ease the zero is flret adjusted ^krn 
a particular violet tint, which, from the suddenness with which t* v 
a slight rotation it pa^^ses into red on the one side, or into bIi:&Q 
on tbe othcFj is the most fuvourahle for accurate observation. Il:i^ 
tube, with its liquid contents, is then interposed between tlie 
polarizing mirror and the eye-piece, and the rotation is estimated 
by the angular motion necessary to restore the violet tint. Dr. \ 
Bence Joues has applied this process to the determination of tbe 
proportion of sugar which haa escaped feimeutation in tbe diflercst 
wines of eommercc. It is remai'kablc tliat the vapours of tur- 
pentine and of some other liquids which exhibit tbe power of 
circular polarization, display tbe phenomenon when seen tfarou^ 
very long tubes, though more feebly than the liquids themBelves. 

(i2i] Br. Faraday has discovered a new modification of tbii 
peculiar form of polarization which homogeneous tnmsparcait 
solids and liquids assume, with various degrees of intenai^, when 
subjected to magnetic power of very exalted degree. Some of 
these singular results will be more particularly described at a 
future point (272). 

The study of tlie chemical eflects of light will be postponed 
until after tlie chemical properties of tbe elementary bodies hare 
been described. 
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5 I, Rrpaw/ztt—Mfomrrnvmi of Htat. \ 11. Mfttn* t,f Main- 
Uunihg Et/uiiiirriurn of Tnnperature. $ HI. Heut of C^mptttritittn. 

{xl2) L^pon the c)u(>UDderstaDdin^ of tlic principles nttd applica* 
tioDfl of h^t, much of the EUci^cssFtil prDM^utiaii of cbcmic&] 
ft^K-Areh dcpnid*. Tlicrc is Bcarcdr ft chtTiiJCJil i)|KTtitiou in 
nkicli \iv%,i i* not citliw CEnitb^l, alMoibcd, or pnr]Ww4y upplifd 
to producf t!u^ n.'quircrt result. Heat in o»o mode of its 
man i I (-station prc»etit» ttie rlnsest Aimlr^fy ^'Hh li^ht, vhkh it yetf 
generally nccvrmiMuue^. In thi» coiidiliou it is koovn aa radiant 
hcftt \ Old it lA in thift fnnu thnt tlic idaiu eupply of hc&t is 
tnnsmilted Irom the sun to the surface of tlie earth. 

It idf hoiFCTcr^ nfter heat has &Ucd upon the surface of ao 
object and has become absorhed, that it« mo^x important cffcctd 
«1T maiiife^tiNl. It is only then that the vc-n?iatio]i of wnrmlh is 
ei«p<rnrim'd ; tlicn it is ibut ej^piiii^iorL tAki> pliicc m ttic licat^ 
bodf ; and it \% tbcn ottly that the phenomena of lignefiKtion or of 
«T«])orotiott may ciunic. Ilcnt may nlno, after itx abM:ir]>tioTi, be 
again tran-iraittcd from tlie hcatc(] ho<ly, hy ncco n clary nuliat ion, to 
other ohjt^ptJi around, or k can he propngntcd moru slowly fay 
ooufluc^tioti froiu jicirtUde to particle through tlie inaAsi. 

Heal likoniie in aufte«f>til>le of entt^nii;? fcr a time mto tho 
ooRipo«i4ioii of a body, and of altering ittt phvu<^l Atat«. VTIioti 
a wohd bevomeH 1i(|u.id. it tniitefi for the time mth a (]uau^i1y of 
heat^ which n perfectly definite ; for in^tanee. a pound of iee in 
nndrrgrktng liquefaction, alwayn rccjuires a nnifotm quantity of heat 
to produce this effect ; the water obtained appears no warmer 
than the ice ; and the lieat, though it for a time ceoMv to a0o:t 
Um* *g%vm^, is not lofit, but \9 i^n ^vcn out wftcn the water 
paixn back into the Ktate of ice. TIlc heat yliicli disappears in 
laqnefaetion is said to have l>ecomc hitei^t ; fuid it ^^aiu becomes 
sensible as the »c»lid condition is rcKiimed. 

In cottfidering: the relationa cf heat, the subject raay therefore 
naturally be «ubdindcd into three seetiona: — 

The firBt of these embmccs the phenomena of rxpa^shn, and 
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'»\e* ill niiich tlu* i^viv;' ^; ,7^/ 

tir nvtnntl — to<, I17 ccuuliirtkm, hy neant 
And tlir tliinl rrl&U« to Aw/ 
ll»? lirucc«AC« iif irobgdatiOb - 

Briun: puKiig to thr inin>rii' 
it will be ttiltaiitageoiiv liriLtly Ur 
oonuiuuul for pmcuriuis & luiipW of tbir licst hyl 

{123) S^nrceM of lht$t. — (fl} The sou 
mjiiQ Btij)|ily ui wurmtli lit the ^lubr, but 
sources wbcEcc it may be prnctmMl. 

(A) FViction km one of ibnc «)Utccfi. 1 1 U' 
supply of heat from Uik khitcc is Bppan:i]tly 
Mvnf^ niUiotw employ tbo fnctwu at two pieces 
mearm of obuiniiig fire; and it u kiMnrn . 
aKies of u'liccU, mid uUurr pru uf mtii 
motion comUiDcd with pn^itre, arc liable to bi 
licntfd lu to diar or i|;bite tbc itcwdwork 
vidiiity. 

lu urdcr to olitaiii mne idra of tlio acDOuikt oji 
h^ friaioii^ <bc foUovnii^ ezpcruu€Dl« were tvutiCi 
JUuafurd [Phil 7>ii*im., ijt^lA, jv 80):— A hrtum 
II j lb,, via» made lu revolii; buiiKOUtally with j 
10,000 Ibn AgaiiMt a bUinC stcd l>o<trr al the 
rcvoAulroiis piT minute; ih Lnlf au h<^tir lIi« tc| 
nicul luui riKni iroiu 60^ Ut 130^, ibiA bent woi 
svilloicfkt to have rnUod jib. of water from ^:i^ t 
caLpcrinkcnE aui BiiWc<|UCnCly vnrioci br pbuHii^ 
rossol t>f *atcr, luul Incboti wiw i^aiu npi^wd } in 1 
of water nt 60° wcTc actujdl}' in»du to boll in 3^ 
thuji <tbUk)u(*d wan calculated lijr Couul Itiuuibnl 
greater tluu tliat |cJveu out «bLriiijf tbe tmtae peric 
of nine wax €Audle« cftch ] itiob in diametrr. 

One of tlie most curioun proo& of tlie vxt 
fnrtioii waa afl'nnlcd by an ex|*enmrt»t of Sir IK 
tvo picccii of ice, made to rub »g:aijiBi each otl 
tonicraturc below 31", were Todtcd by tlu? 
surfiiic%« of coataeh 

Tlie eii«!ria)C«t« of Mr ionic iPML 
to 4baw tUo, tbc actuiil 
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fHction » dqxndcnt ftimplj upon cbe uraount of foive expended, 

^^iChotit regard to llic naiitj^ of tlic aubAtiuiccii rublxxl t«^*oUier. 

J-lo fouijtl, i» a mcAii of forty cJo»ely coucorilaut €Xpi*niiicnild, 

tliMt wboo w%ter wm KgLtntMl by mo^u of n lioruouiui b»a» 

pa^lfllc'vrluKYl, tnadr to nr^'olvc by ih<* dcscrnt f>f n knovn weiglit, 

till' t(*mporfltiif\^ »f I It), of wau-r wux tituind i^ l^. by tlio txpen* 

dituro of nil lunount of lorcc mlBHrnt to TM%e 773 llh to tho 

l^eiplit nf oitii ffV^l. lAl»*'n ct^uiprm wan nihlHvl tigiiinat iron, tbe 

force rtf^idirril U> nxUt? 1 111. of xiEiti^r 1^ K. wiu found, n* a mcnn q( 

t^TOflty rtpeniDeau, U> be about 775 lb., and by tJj(> ^piAtion Of 

menniry bymeuiftof anironpaddI&wb<M^lit wuh founil tobe 774 lb. 

(e) PerouwiOin, vthich U acxjmhjjiation of friction aiid eomptev- 

aioii, i« a mcrthocl of eliciting Iboat which is freijueutiy prarti^, a« 

it seen in the luc of tbc oonunon aiccl and flint, where tbe cMnn- 

prcasJon extricates h(«t enough lo^ct tii^ to the dct,tcbcd portions 

of «tcd. Il U not an uncotumon prnctiuc among bladtsmitha, to 

fhow their apJlily taii dexterity by bammcriik*^ a ]>ict'c of cold 

iron OD the aiuU until iC bcoumesi mKbot fnmi the- hnu tr^tiiaitcd 

hj oompreHNJon. It ia, however, n'murkiible that iron once 1u*Hted 

td thi» way oannot a^iu be made rtnUbot by liaininerin^ uutil it 

ha« been a^n beated in liie for^e. Many olhei similar ui^^ianceH 

mi^bt be adduced : ia t)ie roEling of brass and of copper, the bars, aa 

they iMOUB &om the rollers, bctwcc^n uLiob they have been sab- 

jeoted to enormouK pixv«ure, bcc^ome much heated^ ajtbougb tbcy 

verc <\mxc cotd whcu tbey etktered the roUhi^-mill. 

{d) Anotb^ tourcc uviudly it-jvortcil cxi for procurin;^ 1ioa1 nrti- 
Hdally l» cfaemical action. Wbi-nc^CT itii:^ uct^ur" with bi^h iiitc^n- 
■ity, brat ai c^tdvcd, aiul it m very geui^ndly accoinpAtiitxl by 
extrtcntmn i>f Hjflit, of «rbieb our common lin^ aHtird ibi* bent 
practical iUiiBtrati»UH Tbi^ d».'mu'ul uctititui which nw cuiiatautly 
^in^ oa ij) tbe animal vcuu<3iuy arc ftUo never -ccwaof sourcos of 
a n*|^idaU^ omianoo of keat> and U*c^' diflVf only from Xhmc of ibo 
furaaco ill tbe more inodOPatc and subdued ainoiiJit of heal omitted 
in a ppv^n tini« aad in a given epaoe. 

(*•) Aommulat«d electricity i« anotlicr "Mircc of inliMite hraL 
(J) In addition to the AbnT^nnTnti^nul ci^urcca of h^•Jlt, At, 
PiMiillot (Ana. fir OttMu, IT Txvi, 141I lian fdu^mi timt i)u^ 
«imp1r art of rooijitmiing any dry MiVixtan'M* Vi nltfrndt^d with 
■li^bt yet conslant divrnga^nrnt of bent. ^Vith Ijodira of mineral 
ori^, wbcn rodue<?d to a fine jiowdnr with a view of increas- 
ing tbe extent of mnHWc, the riM^ of temperature ducH not exceed 
from half a di^gree to z"^ F.; but tritJi aome ve^ccUible and auitual 



IM DUTixcTtoM AmrtKi4 aiuT xKD rxunt 

wmhiftmnccvt aach mm rxAlon, Ibrcfui, tiiur. vonl« iva 
|i4]vr, m rtfrc uf tcuiicntiina varjriiig frotti 2^ |o 
h** becii obocj-vMt. 

(134) Tbi^ crlTurt uT ft liot or of A oold vut 
•fltiotui cikAWle^ (i« to ' ' h ihr fljni^ Trutn the 

improsaum Uiu« prwIuL. :.tv nnii|ttrKtiiro, iind ufEii 

criterion of thr? feiamint of licnt, the >cnfi«liaii jirtxlu 
r*-nt)>li' t'l l}ir b'rii|ri*rftturo of tltnl |inrt ol* thr lio<l] 
upjilinl lit flic particulmr ini>utent. Hrftt aiiil 
mrnly r('laUTt^ tcnu»; «old im]ilyiiitf uot a nt 
it^imtio to heut, but ^impl> the aboeuce of bf-nr 
leas (Icin'eo. Ii 13 sitit'ular tlmt mtf!i(M c(*lil je 
scnaatjon m iutease bc«t, and 1 fn*cxine mnLluro, j 
vnUCTt *ill bli&tcr thu |ttrt to wbicli it is appJiocL 

^ L Rxi-AtratOK — 4|KABrilKM«VT or TKMPKI 

(115) /)iy«7Viife 6fiicw]i /fni/ arul Trmp^ratM 
duces no AltemtioA ia the vei^ta of bo<lic?»; 
bnluoc cnuiiot bo employed m a nmuiircf of its 1 
bodies, Uomrrcrr whoa heated, acquire in inc 
return to tbctr ongiital dimrUMOvu in cooliufif, biuI 
uf tl»r «mi>iint of &\]>ttllV]OD » muii'i-willy cnipli 
BurooJ"ic«i|Rn"nr,ire, It m iicoe>»ar>' lo draw n di^::„.. 
the icrms heat ntid temperalttre, whidi are a]tpti(-<l to 
liitTpnnif thiiiSH, By tlii'K^raihcut is utrant. in jili 
^s^, llie povcr, vlmtcier it tic, which excites iu u»J 
of irinntlt: by tempGntitre is nu-^nQt tlic musigy 
hc«t ill n body tt'n<U to trnnvfer tt?Lclf lo othrr bodi< 
niircK, tlic t4nji|MTnitiin- of a U>dy ix thut tiKKUliivtioEi \ 
i> |)crcc|itiUlc to the »ciim3( or cwi bv mtwuivtl by tl 
niftiT. ^hcii? two or more huma uf niiittcT* of tl 
diifereot kiuilf, »uch aa inCEreufy, oU, wftU*f, ur spint 
brotij^ht into contact with a thcrmooictcr, caioc tho 1 
it ooutaitub to etand at the wm^ point, th4ry wn 
mine tempcratvjv. The tciuperaturo of a body 
cntiou of th« aotval quanUty of bent which Si 
pint of spring watrr Toay nki»c * thimiovnr^cr 
dvigrcr at n gnlloti of the «amc wttt^^r ; bat tt !■ ob 
lancer quitntity of the liquid contiint the groUrr 
Apruiii. MtippQi^ n tluTmofQfrirr to Mand iu wnti^r nt 
iirtbmoc, and ai loo^ in motbatwiajiiattl QtnuiUUgtiJ \ 
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i^ould bo ft mutokc to »ii]>po(t« that in the lAtt<?rc««iO tlic water ira« 
■t«'ioc A4 Iwt as ill tliP formrr. TW H^roof thu tWnuoiiicn^r iw-ftlc 
ija ctiiiwlvarijitnirj', muI dijod not iuiliaito the entire ubocijceaf Lcat, 
^«phicK m&y be abitnot^d contiuuouBly from bo^ea evvax tboi;igh 
tliejr may \ui\o bceii ulrearly (tooIlhI lo o^. 

(i£fS) Erp^nsum <^ Solids. — Solid*, bt* mi^lit be cs^poctcilfrom 
"fcJie CTcrrtioii of cobcnon unoiig their porticle^, expand Ipkh for i^iml 
A^lcvatvitiJi of irmjierntiiie than cither liquitU or ga.ses. Stilidn ^ntc- 

^mlly ncpnml nnifannly in all direrlious, and on coolinj? rdiini to 
Coheir cun^iukl ftbapc. Ixwl, tiotrcrcr, Ij^ «(* soft tJiat itit ])Artid<« Klide 
€3vcr each otlu^ tn thu net of t'xpnn^ioi^ and do not n-ttini to tbeir 
ciriginal pcwitioii. A Jcmlcn pi^JC \i>wl for cunvryiiig .itcam^ i>rr- 
vnftDcnth' ktifctbenH nome iuchcs* in a Mhort time (Gmliafn), and the 

tkmdeu doortti^c of a unit which oft^n re<x'ivE>M tif>t natar liecomes, 
in the o^urae of use, thromi up into rid^evt and pucLcra. 
MitBcberlicb {Posfffetidorff, Attn. x. 137] baa cliMX}Vcrcd that all 
tlto^e cryitab irbioh po8sC!83 a doubly refinoctini^ nctioa upon light, 
ei|)9iid uiiei|iLalIy in dilfcrcnt directions when iki-stt'd. The »liapc 
k of a crpttal of ad<viroii« spar, for uu^tanC'C, is slightly oltrrcd vrbe^ii 
H beftted: the ubui^i^ angU-^ IxrinKO mmv acute, and tbt' inrltimtii>u 
H tf the facca tkf the crys^tal tci ruch other bcitmu-K alttn'd 9$j' by 
W n elemtion of t«n(>c?rature from 3;*' to au" K, Tlie cr>'alal 
doDgates moat in iJie direction of the optic nxU, uid iudenl u 
actuiiUy contraeta at the 8aiue time in ^lii^ectiaufi at ri{;hi anf^lcs 
to ibi»w 3uchcmuU, however, form no exception to the gwicnJ 
rule that tbc bulk of bodiL'S is increased t>y beat. Ic ba» bvcii 
s*4^rtiuri(Hl^ fur iiivtaiicc, that a eryKtnl ofeak: npar iucrvoM-A iti bulk 
betvcvfo 32^ aiid 21^'^, to the extent of 1 part iu 510. 

DifnTtrnt M)lid.-( expand vr.-ry iitic<pial1y for etjiuil additions of 
beat : xii)f% l^>r e:uiu4>k-, dllittea miich uKirc than iruu, bud iron 
mora thai) glow. The totaJ cxpaoAon of a body tOAy be c^bc&incd 
very neaily by niidtip!yin(|; the linoir ocp&nBion (or cii>aii«io« in 
length] by thnre- Thf-^ toUoviug table givce Aorae mciujurpmeat^ 
of the expoiiatioti both ia kn^-tb and bidlL ubich is exprricnecd by 
vmrioos BoUd bodies. 
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exPAveiov or sotiDJ. 



EjTpannon t^f SoMf. 



JtnaViak Flint GI&m 
Ghunt :uW (Frifiu^) 
Pbtiniini . . . . 
PnllAihuin , . . . 

Antiniouj > . > . 

Irou , 

IKimutb , , . . 

0«U 

Copper 

BriM 

SOfer 

Tin 

Irf-ad 

Ziae 



At *«• ^- 



1 ^000.9 ti 

I '001,000 

I 001. org 
I 001,08^1 

rooi^i 
TOO 1,46c 

I 001 ,sfii^ 

rooi,u37 



Itwjmntkn, 



IfiltiifEtb. 



1 in ti^H 
I in J 148 
1 in Mji 
1 in rooo 
I in 
t ia 
1 m 
I in 
I m 

I ill 
1 in 
1 iu 
I ill 
1 in 
1 in 



Eabolfc. 



AdUt«ritr> 



If. 

33" 
3*0 



I in 516 
1 iu .)8a 

■ »»333 

I HI ,109 

I in 307 
I ill ^fi* 
I in 335 
t lU >37 

1 ill 194 
I in 179 
I in 175 
1 m 17J 
1 fu 117 
1 in 113 



> Duloiug 
\ ftiid Petit 

WollBAt<in 
liAT^and 1m^ 

Sm<»toa 

Larai«i«r 

mad 
LdpUc« 

SniC«COll 



The addition cf heat iMrjrond & errlain point orercomes tiie co- 
hesion of the ficlidf ftud it Alviimes the liquid form. Tfie quantity 
of heat ivqiiirrd to cffvcrt tliii* vftricw tp^-Jitly with lh<! imture of the 
EtLihcitaii^e ; «onitf volicU nit-lting at ft inucli lower icnnperature than 
otheni. 

(127I Expansion of Liquids ^ — Liquidi* e.^ipand pToportioiiatpl 
mocb more mjridjy thfln srihd*. Tlw^y differ, itlso, in cispoiij^ibility 
to a much prealor c-itent; ^nerally tlie raost volatile arc ino*t 
cxpannhle. Thig is remarkahly slioxni in the ea«c oTtlte tU]uid« 
ohtiiDe<l by the ^oiiden^tion of lite f^a^cs (182), vrliicb are enen 
mon; rapidJy dilated by heat than aeriform bodies. 



■1^ 



Bclwcm 3a" and zj%^ F. 



m 



tjooojaoo parte of Uercurj b«ooia# 
W»t»r It 
Oil „ 



l,O4f^/i00 



1 mSS 
1 m arjl 

1 ia j> J 



Bt-RDSvlt 



In the ftnii«<XAl dingnim (lig. 8^, thc^ ciirv^^t shovr the variation 
in the rare ^f i^jmrudoii ofTnvd hy Home imfOrUmt liquid*^ In 
each ea^e, eooo [mrts of thr* liquid at th<i Itntling \ifnul sene« as the 
suirtijier potni of the ormipariiton. Th^ horixotital linea from abore 
iJowjin-ards indieatc the balk of eaeh liqaid at tempcranircs below 
the boilinff point; these tern |M?ra lure? arc represented 011 Fahrenheit's 
Bcale 10 the left band column^ aiid in Centigrade degrees on the 
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risht tiAad. For in«tAiic?e» n represents the currc of water: the ciirro 
cu<iimcaccs at looo in the left hand upper comcrof Uic tabic* looo 




JU9 



ipmii» of walcT at 2 1 2° wbe» coclotl ^^6* V\ bolow the hoiling i>nintj 
or to 176^ P,, oocupy a hulkof 98A pnrtn; at 144* F. below boiliug, 
or tki $S°t tlie»e io<^o parts will hnve hc?ooin^ 960 parts, the curve 
cutting 1 he vertical Suemarfcnl 960. a iiif^irut<^ ttie eontmottoti 
of nierwiry; b, water; c, alccliol; i^ wf»od-»pipit; », formie etlxv; 
Ft t£n*hk»i(le of silircn ; o, onlinaiy other. It his, however, 
been found hv eompanng to^irtlit^r li()iii<U> not ut the same f^nipe- 
raturc, but at ectiuil ili^^ta&oc* from tlie IxrilinK jioiiit (the jioml at 
vhich eohesiou ts junt iilx)ut to yield to the re|JiiUirc action of heat), 
thnt la many liqui<Liof niialo^icoua chemical c<>m|K):«itioi] the expan. 
cioti u very nearly uuifonit. The aamc ihmii, haa olao bocu 
oluerrtNl betivcen »ome liquids which present no oualofj^es in tltcir 
nature. A valuable and elalx>rat4; scries of experiiuent« list 
bwn mado upon this su^cct b^- M. Picrr« {Ana- de CAimtr, 
IlL XT. 315; m, 193; XJE. 5; xu. 335). Some of the re- 
mits which he has iihtfiintMl are ciTibothcil in the followitig table. 
The bulk of each liquid at it» Wiling |>oint is takeu at 10,000. 
The numbciA in the table itulieate tlie Tolnmc of the liquid, first 
at 73^ K hclow the brjihng point of each liquid, and ogaiu at a 
•tiJJ lower temjicnaiirc, J2f/' below that point; Uie contraction 
beii% greatest in the liquids first enumerated in the tabic. 
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Uqaid lufld. 



Ethfr 

Terchloride of SilLron . . , 
Chloride of Etkjl . . . . 

( Formiate of Kthyl . . - 

1 Acetate of EfJiyl . . . . 

< Acetate of Mc'tliyl . . , 

ButyrotcofMetliyl . , , 

\ Butyrate of Ethyl . , , 

j Bromide of Methyl . - . 
(Bromide of Ethyl. . . . 

( Bichloride of Tin . , . . 
\ Terrliloride of Plionpliorus 

J Iodide of Methyl . . . . 
) Iodide of Eihyl . . . . 

Wood Spirit 

Dut<.'h Liquid 

FouBcl Oil , 

Bieidphide of Carbon . , 

Alroijol , 

SulphurouH Ether . . , 
Bromine ....... 

Bichloride of Titamum , . 

Terchlorido of Araeuic . . 

Bromide of Elayl , . , , 

Bromtdo of Flioaphonis 
Terbrouude of SiJiiion 



Toliude at 


Tolunw mX 


710 F. 


■ifl* F. 


mIdw boilings 


bvlow boitibf . 


93*^4 




9393 


9027 


9419 




9430 


9064 


94J4 


9°53 


9431 


9065 


9438 


9075 


9446 


9065 


9438 




945= 


9091 


9475 
94B4 


9130 


9^57 


9494 


9163 


9514 


9187 


9488 


9^53 


9499 


9171 


9503 


9193 


9521 


9301 


953" 


9335 


953^ 


9'<5 


9-147 


9^47 


95,53 
9,^60 


9=47 


9250 


956a 


9364 


96^1 


9353 


9637 


9340 



The expansion of the different liquids used m these esperimenta 
waa determined by inclosing in tubes similar to those employed for 
thermometers, known bulks of the liquid at a particular- tem- 
perature, and measuring the expansion experienced Id each 
cose, making the necessary correction for the dilatatiou of the 
glass envelope. In fact, a number of thermometers were 
prepared, in each of which one of tlie various liquids under 
experiment was substituted as the expaiisiblc material in place of 
mercury. 

In comparing corresponding compounds obtained &otn wood- 
epirit and &om alcohol {two homologous organic liquids], a 
remarkable parallelism in their rates of expansion has been obser>'ed. 
The acetatea of oxide of ethyl and of methyl correspond doseiy 
with each other, and with the hutyrates of the same substances* 
Formiate of oxide of ethyl is isomeric with acetate of oxide of 
methyl (that is to say, it is eomposed in loo parts of the same 
chemical elements, in precisely the same proportions), and both 



XZTAXI 

CfXpand ftbo in exarlly tlin B4^mt; rutio. The bmnitdr* of ctlivL 
ttoid of nkcthyl aIao coTi«a)>ou<l. So Oo tlu; iocUdcA of itlijj Aud of 
mctli^L Woo<l-«pint aiul lUoobot do not lUfTcr gnmtly from 
0«icb otlicT^ or from fta aUkxI c^^nipouud ])roda<^ during fcrtDcn- 
ftmtioa, v^hich baa roccivetl tlicnauKr of fotucL oil. In like mcmuor 
«i, clone oorrai4poiHla>c« is obAerreil between tbo ox|>U]Kioti« of Ui« 
L^ronadH of pUoHpbom» and of »^ili€i>ii^ 

Two ('lomrnlA, hovevrr, sii^b lu chlnrinr* uid Intiniine, vhicli 
tnUBit <?lo«rlj: nlliftl in cbcmicMil properttrv, nnd which form 
|icnui(U whiob havi* thf. sjim** cryar-iUitiR fiHTO, may yirt pom- 
o vritb the uiinc lOimirut, tinti pmdiii^ hciiiids vbicb have 
-b>tally dilKriTtit rm<« of ci|MLiinon. Tvo c-arrcdtioiidetico, for in* 
Ltauce, ex^ta belireen the cipaiiAtoa of terbrooiide of ailicou and 
«if tcrrUoricle of sdlicoii- 

(ia8) Expansion of Gaset^ — When the tcDipcraturc ri»i» Iw- 
^tiil A oertaiD point in lii|uids^ they clian^ their itUiXv, ooheviou 
19 ciilirriT fAcrcome^ rqiulfiiDD predominates, and tht; fterifonn 
€Ciciditi>(>ii Btiperrctiea. £ipati£ioii for eqiud itkcnincntH of litat ift 
in gnMw far greater tluui in solids or iti liquids. If tlie o^n 
ettremity of a Inbt*, on the othiT end of iihii'li a bulb is Wown, 
be plunged into «»b*r, the beat of the hand will be aafBcieat 
Ut dilate the air ia tbo bulb so ae to caiue a part to cfiCATx?. la 
ga#csr ^ colKsioa ift enliivly overcome, do such variety in ci|ma- 
•ion is oifaihitcd ea Id the ewe of liqiuda uhI of solids ; it 
taay, vitbout ftcnsibtc error, be aauuned that in ga«e«, and alflo 
Id fS|konni at seme diatiiiGea above ibcir pointii of couden- 
satlou, till* expansion i« alike in all. Trom tliv frcexin;; la the 
boiting j«*int of water, thoj" iucrcoKC more than one tliinl of tlLcir 
bulk, looo iMirt* at 31^ beciomi' 1^66 at zia*^ F.* 

(109) ly^mmmt^frt. — WbrtJit-r the body he b tbo solid, the 
liquid, or tlio gaenvomi ooiKlition, the <:x|>an.HioD ia always jtropor- 
tionate tt> the lieat cniplujvd ; and the Miuie hoily, with the Amc 
IDttial tempcratuTf, always cxpancbi to the same <octL*nt hy tbo 
addition of the sanio amonnt of beat : for exiunple, a aubtflauoe 
at 1I1C ti^mpcratiirc of ^^ vrili, bonexcr ofttn it be heated 
to 100^, always expand lo the ftame hoik ; and on cooLirg 10 ita 



• B^ffMolt (Am^fiU* rf* Climie, Ut. It. t. an^ r. ga), an^ Mjiffnu* (lb, 
in. tv. j^t, hftTo puhlbh^ in«JcpL-ij<l4int mi^ rlnbcraio liivi.-Mi)<;jii><^>it> <>n Ujo 
vapsniioo which ^itriatit n^to* iind#rgi> hj Iht* lipplirHtinTi nf lifAl- Arovrdin^ 

te tbwr vipoi^a^ta, the c^jpffioient of cipanjrion u not rigidty uni form for 
aD sum; thm «ipanuou beiaji grt%\f»x for ikoih:< whii^h arv mo»l '^^"dily 
f eoci3dniib|pO. whilst for ih* giMo« vbich bar^ rnirtcJ a11 ^-iTArtii tn liqnirly 
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orl^^iiiol touptrraiiUQ of 50% it will alirava rettim to it» ori, 
bulk, bowcvcr oUcn the Icui b applied or niitbdmwn. 

hy MccrtaiiLing cutcHy Ihc exteut of this ci- 
p«iD«Du, n rcfktty and aviuloblc tucaAurc of tcinpcsnk- 
tiirc U offiinlcd ; iwifl accordinply an in»tnimcnt 
termed n thcrmometef hfiA bocu coiutmctetl tor tliia 

Aifj from Hkie dcUcncy of iU inr^icfltionit, and 
tlie n^gulnritj of it* npoiijiioo, would wom to 
be t}i<! TDntcniil beat fittMJ to meftikinrc c^iangCM 
of t^nipwatTir(% ftiiil iinlrtrl it wns tlw* Atibsttanre 
lint tried; the air therfnomeier »jiiin^<.Hl nitnply 
of a bulb of gUss, with a iiftmow t]ofij(iit4!il at^rm 
dipprig into some liquid (%. 87); wt the httlb 
became heated the air expanded^ ai^d depressed the 
Kquid in the stem x aa it cooled the air con- 
tnctcdy and the liquid roffc; a scale attacked to the 
Btem f^rc the nmouiit of the cx|>aii»iou or contnK-tion. But the 
sue (Mf the ini^tniitieDt mid the extreoiti deli<.^ac3r of its indic&ti< 
Iimit4?4l thr ratify tln.iu|^ti which it coulrl he citi|»Tf>yodp ami' 
impiiircd iu utility. It m-iui alno »ooii vhHt-ned thut ditTcreacca 
of atmr)»<phonc preecurCt entirely indepeudeut of tempcrvtw^ 
e&uaed an aherati<m in the bulk of the air; tliin iiuy be seen by 
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introducing stirb an inBtruiucut under the reeciier of au air pump, 
and moving xhx handle ; the slightest motion eaoses great alteta-l 
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tabic rcmtaintr 11 aumm&r)^ of tUf ru«idu of th^vc itnportAol i»xp«TitncatB ?— 
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Fm frdinarf purpoaM. «affidi*fil, h^ctiracr i*, howcccr. attaim<d \yf aD-inainjf 
Uir c<i|kauAiou of KMvi and Tu^Mjon by brat, bt'twc^o 33* F. and a 1 j'* F^. »» 
H^o' t^l>^. «tJiuuc d4 3^°^ tkia k v^ual Iv abuui tf^^ for eacb lU-gnw vf 
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lum in tlic hci^it of tlio colnran of tnUX m the ihcnoouictcr. 

Tbifl difficullir wa* o4)vift|rid W m miKiificjUifii* of llic ihistruiitcut 

in which atinoApbcric prcwuro ini« altogether cjtduded: two 

bulba were blatm at tho cxtremitKA ofn 

etotit tube, wKi^'h wn» btxil twict aI ri^ht 

au;;k<Kr BDcl a lii^uid vhlk iudwli^ in Uio 

Mem (fif. fE8)> Tbe ui»tnuncDt in t)u» 

Cbrra, hoirei'er. woukl nut mdio^te genenl 

cbuige« of ieni]>pntnrp^ biit onl;^ difT*^ 

n-tinc* bctTPcn the tempprntiira of the two 

bnllM; if one wrrc varoicr tlutn tltc 

other the air eiLpaudt-Hl iji tluit bulb And 

dnn-e the liquid ia the srtein towanhi 

ihf ivthiT Iinlli; it wu bence lermrd tire 

differfttlitii ihermtfmetfr or th^rmojwt/pef 

and fortn^'d, in a limited immlker of ouei, 

an ijutniraeikt of preat delicacj aod 

ntilily. 

O30) The next fftvhi iroiTQi^niieDt in 
tlir tluTuurueter was matlcSythe FforetkttncarRdomiHnnB: t1i(?v mib- 
utiliitcd the cipar^ion of a liquid fiw ihnt of air, cniplajin^ apint of 
viiw ior tliH purpofM?, and thrj:- divndnl the stem of the instruinaiti 
vbitrsrily w btfon\ by tnmnK of Hnnll di?tH of cnnmi'l^ plnccd at 
eqtul dt«tAncf» n\¥3u llie tube. A^^ tbv ^jdr* of dillcrcnt imti-unK-ntA 
»«TC BDl divided ii|wn An¥ iinifunn pniiciple, the h.'sultn whicU Uiey 
Aimiflbeddid notadmitofdirevt oomparison. Tlibrvil wah, Tiou-ever, 
removed by Newton, vtio a|)|iliei1 Hoc^e'* oboervattou, that the 
mcitiitiir point of ice alvays occurred At a fixed temperatHrc; and 
finding tbat tlit' tH>JtlLi^ |K>iul of vratcr uitder cieriiuu ^tfiiiiljinl 
ctnnimatanccft hu» »^ii;illir mitforni, be [iropoenl Lhc«c &a fi\cd 
pointJ% bctiTccn which the »cidc diould be divided into a ccrtnin 
mtmbrr of ri^u*l ^(irt^t; the t^ralc brinjc continued ftVovc and bcJow, 
with Nmihirdiri>ionj« n^ for aj^ nii^ht In? xuxnaaary. I.TnfoTtniiAtMy, 
tliU uitcrval hhn in cliBbrpnt comitrii^ Tiv^n ditTurcntly 0u1>dividod. 
In Eii^liuid, FohrenhiHt'tt diviiion into 180'' is priiu^JpAlly tta- 
ploy^ - tlie i!cr[>r or o^^ upon tUiw Hcaie^ being ^^ of thr-Ao degrees 
hclnw the fm^xing point of vAter. In Prnnce, And ^eikcrsll^r 
on the c<ootio<a)t, the Centtj^THde division ]>rc:viiiU; the intervnl 
between the freezing and tin* Itoiling pointa hctng nulxlividrd 
into loo"^, the degrccA being conntaL upward*; and downward* firom 
Ihe frrerin^ poini, irbifb if rrckonH o*^ ; tbc lower ti-nipcr4titrc« 
being iiidicatcd 1>; the prefix of the ucgntivu algd>rmc «ign -*. 
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VJLBlOra TOEftMOMCTllIC SCALM. 

vboiic division i* fttiU uwd in O^rmuiy uid Rtifc«ui, 
divulcd the vAtac. interval uito 8o% mftkiii^ hi a^ 
scroiit tlt€ frcraiu^ poUit of vniUT. 

TJio ooiiwrmuii of <legTV«« upon one »ulf imlc^^ 
those of ttiiotUer U tiUBJIv (HTedrd bv tbe um 
the foUjvriiijj fonuula- 

tahrrnhcil to Centigrade 8 (P — 32) = C*^ 

Cenligrmdc to F»Krciili«it> I C* + 52 == F*=*i^ 

R6ititi]iir 10 FjiJiri-nhi'it, | R' + 31 = 

Fnhreiilteii to h^aumur, 3 (P - 32) = 




Th« oiineitGH cut (t>;£- ^9) exhibits the tlkt^^ 
scaler placed etide by aide^ and shows the co^t^ 
ft|M>ndiii)( values tliroo;cl> ^ coasidMiTublc nL|^ 
of Iciuj^raturc,* 

The cmploj-iBcnt of apirits of wine hn tlie nc. 
paDFiblc li<ptid for mo^uiuriiig teiiipenture^ b 
attcJidcil with odi-ai)ta^i:9 ^hi'rr lov t^mjieratam 
arc coiici*riicd, iniisniucb ikJ» vpirit of wine has twici 
yet bom solidified hy cold. But owin^ to iht low 
tcmjKTalurc at which the spirit boils^ it cviutf 
he appIitMi for high raugett of tcmpcratuit ; xha 
heftt of boiUiig water would be sufficient to biM 
the tlicrmoiuetcr in coneequviim' of tlic ge»«^rwuon 
of the vapour of alcohol wilhiu tlio in 
I'or mDst purposra mercury i« » more cojunin 
thcnnoiDL^ric liquid; it cmbraciA a oojisj 
nuigv of tinnpcniturer frccaeiiig m s^f ^^^"^ ^ 
luid not hoihug under 600"* P- ll I^as id^^ I 
luKiuiUgc ol* not ftdhcn»i; to tlic udce of tlu 
tube*. 

(ijj) A goofl mCTCTiriftl thennonurtcr »fai 
luiswer t<i the foUovrin^ te«lB; when anm< 
in nii^tiiig ico, th<J coliimu of racrcttty AuM 
iiidicnte exactly 31^ F. ; nhcn »raftppnjd(»d ■iU» 
its icalo bnme»ed in the AtcAin o^ wnKr hoiKif 
ill & iDct&i vcsi^l, w* reptrfvnUid in fig. 90 (di# 
baromet^ st«ndiog at 30 ineht*), Ike mtrrmj 
should rcmfLin statiouary at 213*^. ^Micd Uk 
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* A taMf* i>f tbo degra«is of thu C«udg;t«4« BO*hr, «1t)i theb voinp«ratJT« 
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iiR«tnjtDent in inverted, the mcrcurj- nhaitkl fiJI lh« tube, luiJ fHli 

mtli a oeUUio cUok, thm i^liowin^ tho 
ijHijrfWc excltuuoa of iiir. The ^'nluc of 
thi^ cle|j(re«tt tliruii^hout Hw tul»c should 
ibe nntfcirm : 1o ft^'ertam tLi« a little 
^ylinrioT of mercury may be (ledu'hrcl 

frtwi tlic ooluinti by a flight jerk, and 
an itidiiiing Ibc tiibc it mtix be lojuli* 
iU> pas» from one portion of the bore 
n Another. If Xla: m&Ic be properly 
yraduattM tbtf <.x)ltirm will owupy an 
tequaJ huuiUt of dc^'rces* tti M parts of 
the tutke. 

The ex|<&ii«i<m of vhicli * tlicrmo- 
pietcr thuA takes cxj^nixance, ia not ttie 
^tirc expanaioa of tbe merourjr, but 
Uie diScrcDcc bctw^n iHe expftnsjou 
of ibe miatnirr aud of the gliim : both 
ItxjjGuiti, l>ut tLc mercury cxptuid« the 
bwrc rA|)i<ily of tlie tivo, and the column 

^ metal, ibi^i^fore, riien. in the «teni of tl»e UL^tniinent. 

tf a cbemionieter be ^adiiated imntediately after it liuft been 

scaled, it k liable toundci^oa i\i^\\i alteration in the fixiMl |)oitita 
lif the lU^e, owiu^ to tbc gradual contraction of the bulb, wUieh does 
nut attain i1« pcrmaneut dimciwioua until ^Icr a lapse of uevcnd 
piontlw. This ccutfaciion i^ probably diie to the prcM»urc of the 
fetnio^pbrrc. Pnini tluT« eireuiiutuuce the fVeezuig pciiit may 
bocatne delated from j tk> ^ n degree ; and tUiu the griKluatioua 
Uirou^kiout the v<a\c. indicate a tt^mpcruturc wliich in Inghcr than 
ihe true oim; by the nniount of Hie trror. In nome thi-rmomcteni, 
Uie htdb, &a Pterrt> lisut shonn, docti not at onco routroct iji ocioliug 
^ iUf |>rop«r di(nenaion«; aiiid tlioa a teniporary di«|>Iaeement of tlie 

Cluation u eauwd frrery time e^ieb iaitrumenta are heated to aia^. 
The expansion of U*iiii<U ii ljc«t meswnrerl by in*itniment* whieh 
nible the thennonu'ter in Ahape^ but all expcrimenU upon ex- 
pntvion rnqtiirc prwantioiiR of the mn^t minntc and f(ernpnloiui 
Se^rriptioQ. For |Kirticubu« the rcftiler i» referred to the papp-r* of 
Rqbnianlt and of Pierre, prerioiwly (jiioted^ or to * Dixon's Treatise 

(i.li) The variety of cireumftianeeft under uhieb tbenoometeri 
bt! tiB>ed ueccA^ULrily demaadii a cMJiiHiderablc variety in their form. 
I desirable, for delicate experiinenta, to i^educc the masa of 
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the inntrumcnt, in order to dtmiuiisli \\io ftmomit of he^t ivqairfi] 
to nuAfi ittt t<Mn]WratuT« to tkat of tlit^ bodic« vitli ^liich it M 
brought mto eonUct; but wb«v» minnto «abdiviiHoiis of a chgpe* 
r^iiire notice, it is better to employ a ihemiometc'r vritli ft bin!* 
htilb nn^ a Run horr A ii'V^il form of tt^ inKtrnmrnt in thr A4<lf> 
rrgiKlcriug mttjcimnm und mitiimrtm thf-mH/rnfttT, Tl>r uwixiinnm 
tljcrmom<*t<'r coni^vitv of n m<'ivnrial tluTmoni4^rr^ with n honx4ia^| 
till BU'in, in the hoR' of whioh n xniull piixxr of *lrrl wire i* in- 
ciuilrii jibo^e iht mercury- A» thr tn<rciiry e\|mn<i* it inuih^ tlie 
»teel lK*IVire it, uiid whm the mtrciiry cunlnu^tK, a»d raceilm to- 
varda tins hulh, the wire doen not follow it. 'flie niiutmum tem- 
perature ift obierved by a s|iirU lliennometer, arrsmj^i like the 
tuercuria] one, but the index consists of a small piece of enamel, 
flunk bdon- the »ur&cc of the liquid column. Aa the fluid ins 
eccncU, it cjinius the iudcx \nth it hy mpillary nilht^itjti, w^ Moa 
a« it« cxtrcnutj rciicbc» the rtiirfntro of the fluid ; Imt x\\t \u\^X}A^ oii 
a^tpoiiding, nuuHly ]WMCJi by the t^iiamcl, "nd Icavo* it At tlie lowe 
point to irhu^h tht? eoltinm ha^l retreated. Sir's lAermomeler 
coufitrueted upon a (tomewhat similar pntic?i}jl^, but it is leaa ]> 
able, and more liable to derangements A hjinjiler fortt of iiutti- 
mum therukcitnc'tcr ha^ beeu coniitructcd by Ncij^retti and Zanibiu j 
h IH mcn-ly aii onlinary tticmiometer, plact\l horixoutallyt vitb a 
COiiUiicLioti in tbi: tube, jui^t il^x?vc the hidb, ho that ii allons th<T 
iiKTrf.'itfy to [la,*!* wht-ii it cxpuiidK, but i.iniiig to the nnrmviin^, Ui« 
meuvt dot? nut n^^tili? wlitti (ti4- t4;tii|)i*mttire falli^ It tticrefoit^l 
iiulicutCB the hi^hont tcmfK-mlurt* attAiiifil niiictr the Wt itlvcm^^ 
tiou. The true pWi' of llic men'uriid (^>lnnia » re^tun^d {jy plmJijg 
the in«lruineot vertically, uiid sj^'in^ it a slif^ht an'ijipn^j motioai 

(13^)) ItuTt^ee t^thf Ralio<jfDii<itatmn u?iih RUt of Trmpcrutwt^^^ 
' — A ftoeJo divided apon the pritielpli^ Already derwribcd cvidAHiy^| 
depcndn W aonirftcy on the Mipi>n*ilion that equal inereuientd of 
hciit prodiim* tm equid amount of etpRnEion. With dueprvcantiomi, a 
pound tsf vntor, at y2^, miKni with a ptmod of irater at 313^^ 
alHitihl yield a miitun* in wTiteh the tTrermomilrr shonld xtand at 
122^, tli« exaet niejin. In the meiY-nrihl th<Tminnt't^, for t<-ni- 
peraturca between frvezin^ and boiling watfr, it may be Rjonimcil, 
vithout Hcn^ble error, that equal iiirremcntHof hntt wm tLetlur^ 
momctcr ihrough w equal number of deirr^ea. l^\e Lnere»« iu UiO 
capacity of the ^Inss bulb, ospceially it' the thermonK-lcr be mado 
of crown j:Iaju», aliuorit exactly oompensatca for the uierea^in;; nie 
of the. e3(|iamion of nu^cur}' : &>r t4rTnpenttuira aliove tltia poiat 
tlie compcuaatioti ik not m cxibct. Tlie gcaieml result \^ that fiv 
all bodica, in proportion aa the teDq>CT»turc rises, tW expansion ioo 
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UiR di«tUMV heiween thft fnrtiHm fto^m^Dta with the 

hfiLt, uit! mnMn^tuivitJr thdr mattuU nihr»ion !» tiiorn* n-auliljr otct- 

V come TIm'^ total gi|>uimdu of mercury, for ctauiptc-, for j pro- 

■ groiAvv iiil«n-&lH of iltoT..Bct.<ofdtiitf to fU^mlt^iAUwroltovinj;; 

■ brtAweii ,53^ and 212* it is i [an in 5508; between iia"atid_^gi^ 
it i» t ill 54"6i ; wid bclwccii i^2*aad 572*^ i io 54-01. PUtuium 
U more oqtutble in its cxpanaiou than &jiy of the &it-te]», but it ex> 
liilnU H nttiiUr inorcaw tn tibc Wc of its cipaimiou mit the bfat rises, 

llie follGvinf; table «mbodivs ionic osperimcDtU rasuto ob- 
tiiiiicd apon this point hy MM. Duloii^ and Petit;^ 

Incrtiut of Mftm OUalftiitm in BuiJt Oy Htat. 






BlrpurfaB *v «uli4i«i«» V, 



Olw . . . 
JuhniDD • 

CopptfT > - - 

lJ<>rtniry . . 
Mcnrory in G1b«« 



U'vdii4*. 



I in 6o&Gt> 
I m^R6o 
I in 50760 
I in j49i^ 
1 in 9990 
I in 99157 
I ia 11664 




Tlio tcnipcratuiv of ,^71^ P., a« Tnea<iinM] \%y nn sir th«rmo- 
mei^ if tni^iwtirnl by the eiLpauaicii of meivnry, in nn ordioary 
tbormoTm->*-r, uoiild bo indicated as 58^^, tx^aitAt? tb^ appATvut 
dilatation tif the Riercurj" iucrcaws fts the tcniperalun- rinrw. 

The fidlomiiff results, whioh were obtained by Ihdtvmor 
Sftnk'll. with bare hcAWMi in aeyliniterorbnkL-dbla^klcail wftrt^wid 
tccftAiiml bj kifl prromeUT ihuIc (1:^4)- 'bow this incrvMii^ 
dJUlabilitr of w>li<l», for &\\xaA. iucrvtiicntei of lieut, lu the tcmiitira- 
turc risDB. 



iAoo^Morvti,>id>>r. 


M1I4*. 


JUMI^ 


Al Fiu&nir Points 


PUti&om . . * » 
Iron (Wrm^lit) . 

C<ipp«r - . • * 


I1V)0J44 

1000735 
100073s 

10009^ 

1000^93 
1001035 

1001490 

jgoi6j4 
10O«490 

IOOI47J 


iono:o3 
105^995 

looas^s 
10044^4 

1004338 

ioo6J>8f> 
1008517 


hut noA Auod 
1018378 to the fuBOff 
pouktofcMt iron 
1016389 

I024;)76 
1030644 
jou6ji 
1009072 
1003798 
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(134) Pyrometers. — Since the expamfflon of dissimilar metals 
for equal additioas of beat is unequal^ it is evident that if 
a compound bar, conBUting of two such metalfl as braaa and 
steel, be formed by riveting equal plates of each metal 
together, the application of heat would occasion curvature of the 
bar; the concavity being upon the side of the steel, the metal 
which expands least. On this principle, a very delicate aolid 
thermometer has been constructed by M. Breguet. It crau 
sists of a compound ribbon of three metals, platinum, gold, and 
silver, which are rolled out into a very thin Ijmi ina and coiled 
into a cylindrical spiral, to the lower extremity of which an index 
is attached, the upper citd of the spiral being iixed. The silver 
expands much more than the platinum, so that the coil twiata 
and uutwista as the temperature rises aTid &II9- The value of the 
degrees is ascertained by comparison with a standard thermometer. 

For the estimation of high degrees of temperature, such as the 
heat of furnaces, and the fusing points of many metals, instrumenta <3i 
a different description, usually termed pyrometers, are required. 
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B K l ifcnifli iW M I ftt te of tliOAe lit Dauicll'ft trffbtffr pr/rotruU-r, wliicb 
WnraDVli in fi|r- 9i< I* coiiaiflto of tvro j>iw1*, tht reffUtvr, J, 
and the #cfi/«, 2. Tlie rc^n^tcr ta a solid bar of hla^^k It^ad t^aiih^n- 
ware, a, kij-tily baked. In the am of tbU a liole m drilledt 
rckching from one end of the baj to witbin balf an iueb of the 
Other <?iti\-mity. In tbUcrlirulricnl cavity a rod of platmum oriroi:, 
a n,M Who long, ui pliu^d, U]>oii the top of the- bar a cylinilricnl 
pitte of potx'cUiu, c c, jtutlicieiuly lon^c to jmiji-ct n ^liort tlUuiQcs 
beyoAd tti^ extremity of the black lead bar, kh j^Iacr^l, ti> ifcr^c u 
an index. It isoonfined in its position liy a, ring or Htxa[> of pUtiniim, rf, 
pasoDg roiLUd the top of the black lead tuOc» which \a ^avtXy cut st,^\i,^ 
at tbe top ; the ring w tightcnod bj' a wedge of porcelain, e^ Wlnni 
oxpOAcd to a high tonpcratitrCr the <'XpAii>ioi] of the metallic rod, 
« 4r, forces the iudex fgrvftrd to a di-^taiicc e<{UaJ to tlic dttTcrcncQ 
in the amoiuit of expauhjon between the metallic rod and Che bhiek 
Iinm] bar, aod wliea ihkiI, it will i-l'Ui^lui prutnidcMl to the name di-<- 
ULnce> whicli will l>e greater or le>u, aeeonliiij^ to die tciii{>erattirt; ; 
the vuifA meaauiviWTEit of tbin dbtaiKC Is tiffWteU hy tlur ' oeaJe/ 3. 
Tbi» dcale im iudc-pviKkiit of the re^^i^lur^ and i-ousuils uf i^n^ ridctt 
of braM, / gt joined toother by tlicir cdgc« accurately iit u nf;bi 
angle, and tilting square upon the two ^ded <^ the black lca<l bar. 
NcfkT oi*c did of thin double^ rule* a QTuall brass plnte, h, projects at 
a right ftiigle, which, when th« itistrumeitt ie iiaotl, in fc»roughtdown 
upon the shoulder of the rqp«ter, furmed hy the notch cut away 
Ibr the platiDum tttmp To the exln-'iuity of ihi? ride n«ir(»t thi* 
tmaa plnti\ is attaelked a moveahle arm, d, turiiiu^ nt itj4 fiiiHl rx- 
tremiir upH» a oentre i, and at the other end c&rr)ing aJi are of a 
etrclc%R, the radios of which is cxaetl}' five inehca, accurately rliridtd 
into defcrem and thirds of a degrrc- Upon this arm, at tfie centre. 
k^ another lighter arm, c, is made to Curci, carn^ing upon the ex- 
tremity of its longer limb a noiLiuK, it, which inmc?: on tbc face 
of ihc arc, and Hubdiviclm the ^nuluutmu inU> minute-^. The 
iborter ana crOMC» tlic centre, atid terniiiuitest iu an obtiuc sted 
point, m, tan^rd iiiwardf* at a ri^lil angle. 

To Qfte the iuHtnimeut, the metallic rod is placed in the I'e- 
^[ifttcr, the index \a pTc&sod firmly down upon its extremity, and 
scctired tij^l^tly by the platinum (trap tnA t)ke wedf^. l*he poaj- 
ttou of the inde\ is then read off on the scale, by pladn^ the re- 
gister in the nsentmng angle for ita reception, vritli tlic crof»*pi€ce 
firmly held against the Mioulder, and the nice) point, m, rCMtin^ on 
the top of the milex, in n notch cut ior it, which coiiicidiM with the 
axis of tin* rod. A ainiilar obaerration, made after die iuHinmieut 
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luks been licfitcd ftiu3 allowed to cool, ^vc» tho raluc of tikc cx 
|Kuisioiki The KuJc uf tLti |i)Toiiiet«r U ooni()ajx»l nitli tliat of tlio 
mercuniil tticmiometer, h^ obaenini: tbo amount of c^ipfttision 
betitecii two fixed jToitittij mcli aa tke freesibg of vutcr «iu) llie 
boUiojiE of nicrciirv, 

Wedgwood B pyromclfiT, which is now disused, do^wndod in 
]>rinciplc upon the c£)ntractioii whi(-h clny undcrgon wbcn heated 
iu cotmcquCEice of parti:U vitrificatiuii, a a>iitnictkiti wluch tbc 
mveDtor believtd to \rc pfopoiiioaed to the tein|ieniturc, btit wloch 
later €xi>ehnientA have abowa to depend rather o& the duration 
ttuiit ou the inteiisi^ of the heat Tlie mstrument ooiti^iiiCed 
a uiimbcr of pieces of tire oiay, cut to a uniform siic bjr a 
Uu; contmclioit which Xhrmc pioccs of claj^ cxikrriaiard by 
bcit^g ininiKuri^l hy the depth to which they entered bccwocm 
hnma ruUxH (<tHivc:t^iug ul a %vrj iduiiU aiig1<^ 

(135) A combiiuttioii of thr tbcniioincicr with tbv 
gitCB o r&uge of traipcr^Llurv rvlcmlici^ tlimu^h citdiBivQ 
Tlio tocaun of attaiiuaf; very clovat^ tcmpcratura are m&cb more 
under ooiutii^iud Ihuti tboBC t>f |>ro<Turiii); i^rcut dcfn'cca of mid. 

Tltc followiii;; tftMv givc4, iu dv^iYc^ buth uf FulirciihcU o tod 
of the Ceiiti^raJe i^cnJc, aomo reiuarkabte poijita of temperiUaTO^ 




of Protoxi<lc of ^ itro^m uid Biiulpbidc i 
of Cnrbon in vacuo (NuUv^ier). - . , ? 

Omtl^t ooM \'y n ImlL of OnrbuTiic AoSd 
And Kthor in riu^iio (t'rmukv) . . . . 

Cirealnii iiAtuntl roXd tpccrded (Satdnc]* * 

M*?rf ury frr (^Jii'e . , 

Fnwnnff nkixtnm of Anom niul Salt . . . 

I0& Doeltd 

Muxliniuii Peiwily of Watrr 

Mtf^riii TomMmtiirw of T^iLddn (DftAiMIJ, . 

Blood H«t 

BoUuig pi>inl of Water 

it«d hcfii 

STi^Mt heat of wbd fumAfi 
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( 1 3^>) T\\e amount of force cxertod by oxpaueiioii or contr 
from the effects of heat or of cold is enormous ; for it im i^qual tol 
which would l>e required to ?longitt« or comprew the material to i 
mmt extent by niechnnicnl meAUK, According to the exjierimeoAai] 
Barlow, a bar of malk'Jtble iron, of a Miuare inch soctjou, is 1 
Trhnr of iia len^b by a ton weiglit ; a cimilur elongation is pili| 
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duccd by ftbout i6° F. In ttia cHmacc a variution of 80° P. bc^ 
twccu the coUl uf viuter naxd t)i<j hcnt of HUniuter 15 fr«qiieiiUy expe- 
rienced. In Uiiit nnge, a wroufcHt-iron bAr> ttu iuclm long, wilt 
vary in length j^n of au iiicb; aud will exert « Htraiii, if its 
two oxtremitieft be securely fastened, equal to fifty toua upon tke 
»qiiAio inciu 

111 maov iDstAncca in the arU ihU rfloct is turned to useful 
«ccoiiDt. Wilb this view tlwj wheelwright makes the iron tire of 
hi* wheels SI little ndoIUt tlian Che vlieel JtscLf^ HU<i applies the tire 
iu a lu'utal »utc ; on iXKtIing, it coutmctM, uid hinds the ports 
finnly t<igt!tjier. For tlie ftame tva»on^ in fu^tciiing together the 
pUteA of btcaiu-boilen, the rivettt are uAcd whilst red-hot, Hut» ou 
tifce oihcr hand^ ihU force of eipansioD rpi^uircs often to Iw oare- 
f\Uly guurdcd agunst. Iron dsiQp6 built into fiuiiares frequeutly 
destroy by their eipoiisiuii aod contractiuti, the masonry which 
they an iutciKlcd to support, la Isying dovn pip<s« for tJic con* 
Tcyificq of gDw aikd wstcff it v nvocamAry Ut Ht die Icaisth* iuto 
sockets wliere tho matcnsl uacmI aa atufTipg to tighten tkc joint 
silowB Miilicifut pUy fur tlic ultvmtioiiB tii liraf^th uf Hic D^-tnl }yy 
AMngta of tmnpoiatura. Vor thti oiuuc n'HBvu, u iitiuU iutcntil u 
left between tho eodit of tlie irou harH iu Uj'iiif; dovu a line of 
nals. Each tube of the UriEMuiin Undgc*, acrou the Mf'iifti StmW, 
is lisblc, from ohauge* of teTU[>0mturi\ m thocouroo of tvoiity-four 
hour^, to sn elongstiou &nd rontraotion vsning from half »n in^^h 
U> tKnv iiurhpfi. 

Brittle i»tiWHTii'<4, aiich i^ ghuMi and cnnt-ircHi, of^i omclc od 
tbt niddiru applk^ati4Ml of beat, IwcauNe u Kudden diLttiiliou i% pm- 
duoed tiiK>ri tlu.^ niiHace l>cfore the beat ha^ tiiiu) to reuch tlie iu- 
twor, sikI tluiH Uie (.Tilieiiou 11 destroyed. TIta ihieker thij plate 
the grcatcrrisitaliability to fracture. Sudden cooling, by iiiduciug 
unetiual conlraeliou, has a similar e^cct. 

A knowledge of these effects of cxjiaasioa OKplauis why tlic wires 
of certain invta)s,Hich M iron and plfttiiium^ may be toldcredinto 
glass : nfaikt other mcrt*ils, Kudi as silver, gold, or onpper, separata 
and crack out an tlie joint <x>oW. The cxpansioTi of iron or of pla- 
tinum difleia from that of gloss by a very sQiall cjuouDt, whereas 
CPtluT metals vary from it grcallVj and conlraet far mere in cooling. 
[137) A remarkable exception to tlie law of coutmctiou \ry the 
removul of lM?at, «wts in the ense of witt«r. Water follow* tlie 
regular law until it readio* a jjoiut between 39* and 4c* F.; then, 
i&at«adof cotiti^etiug, it bef^ua to ex^iand, and ccaitiiiuos to do ao 
tlU H readies the (jrceaing potut. About j^"" it b at its point of 

» 2 



ISO 



A}»iiukLo» sxTAmtox or 



gn^atnl deiLut^, and jmMt bcfbtv U firc<MK» 
grvnt u it tlul ftl 4*!^, ^ at Ss/**^ '• 

hw k deiwiiy of o 9998)1 , 

By diwoMng Uhl^ «alt hi irnl«?r, the |Kiii 

|M>ratnrc»r<»n«ul<"Tuhly Jul ., , , m • 

^iMi|iprar% llift niBxicnum detinit^ c»cciimnff 1 
ihc |iciiit c>f (< V .UH otiirr 

oJt icIilurUle 01' 1 ■ i?ffnL-l, 

qT b>irerinic ita pwiit of mumum dt-nsity 
ituiucivinfi U^niiils examined by 51. Pierre, nc 
wnUrr wnifr lotmil tltu^ to l-ijaihI w)uJi-( 

(133) Cmrtctm%ff/OaA^*fffrTrmperatur^^ 
menlioflkcd that air inpAiiiN mow tttttn oUitr 
tioin nf tcnipcmhirc, aiu) lb»t tbe rato of 
and vapoiira U equal aiul utiifnnn, at all il( 
all vjirvirtieii of prauiuiv. [t become*, tlicrpfd 
portanoe 10 estiiuate tbe amnant of thin cx|ttiif 
incnta wliere the i|UiiDtiticw of (;u6t Ta{uin? to Ij 
vhere tbeir wdght is mferrcd frcna me^natii 
?ro\ic1cd that the tcmpemtim: of the pa* be knc 
easily made KjE|)<.'nmnit ha« sbovnthat 
ii]>oii ralm?nlur]t'!t >kcak-, lui ataoaiit ofmji 
to fit ^f t^c ^^^ ^bat ibc ^VN occiijiicd at 
tJmt a quAiitity of any gait wbicb, at tlir 
Qiwiurvtt 491 larttt, for ercry additiiJuaL 
I put i oo tbat at 33^" it will occ!U|ij- 491 |m 
499j at 60* J19 [larU. Iti Kiiglaudr all oom[ 
rcfcrrwl lo tbc leuipcrahire of 60"* P. Sij|>po«e I 
aatTOffiain ibc* volume vrhieli 9*2 ctihic itichee of cc 
at 70^ would havo wb<ai reduced to 60*3; 
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adAnl temperature of 60* F.; eince 50 — 53 = 18, the gaSj 
rliidi occupied 491 parts at 32^ woold have cipaoded to J09 at 
;o^. Ibe |»roportioa to the volume at 60% nUicb would, avbdbiv, 
! ^i^t ia gi^cD OS follows : 

509 : JI9 :: g'a : 2^ (= 9*380 cubic inches). 

IX ih'tA ea&t', tbc obeMrrvol volume ia Icaa than the corrrctrt) one; 
forv, Lt vaa fpratcr. An ivdihtJOLia] and iiidcpmd^^nt coi'rccrtion of 
tlic Tolnmr of the gm* for the dcriation of the barometric prtamurc 

jlVotn the >uiiidurd i* needled aJ^r tKc oorrcctioti for the t4:mpera- 

I tuns has hucn roudd. 

(>3^) l-^i^uuU mid giLEEM immcdiiitcl^ »c1ju.^t their hulk 
to the altemtiou of teniiM>rutiii<; ; but, acoordmic to olftcrvatiom* 
made m tlw Arctic Kipcditiona, lolid^ do not iminc<li»t^1y dt> >o 
in mH caft^A : it W9u frequeitlly olwervorl in the mc'tjillic acaIm i>f 
nuuiy oTtlic tiu»tritmont«, that fiill rontnwtion ilid nai occur \uiii\ 
E ccHHnxnion had hem given to the spparfttus ; it theu coutrnct^ 
suddenly and ccmpletrly. 

(140) Pro<xs»Jtir Takinrj tht^ Spfdjlc Graritjf of Gtitfir. — The 
priucipft] correctiuuti require^] in lUt (icUojUc o|>i-r»tion of takinj; 
ihB apcciiic Kmvity of a g^ with accuracy > hate now been pointed 
OWL SI- Kc;>nault^ in hia recent ehborale inveatlj^tiouB, has rc* 
dnccd the number of corrections ordii^arily required, by couuter- 
potaing the globe in which the gas ia to be weighed by n i^coud 
globe of equal idxr, niaile of the »amc gl»«« ; n practice which waa 
Atu> adopter] bv the late 

Dr. Prom, in hk careful Pi«-9'- 

iDvestii^ationa on the 
dienvty of the atmo- 
tphcro. 'die film of hy- 
groscopic TnoJE^tiire whicli 
alvnyH uilht^nvi to t)ie 
glass in 4X|iud ill tM>th 
globcv; liud ju the hulk of 
air dJf><pUccd ui also cqnul 
in l}otb GOJio, the calctt- 
Ution for its buoyancy 
mny 1m: dUpmLscd with. 
The ti>l)o^in^ is a brid" 
dflscriptiuii of tlie method 
adopted by M. Kegnault ■ 
Ab«buice»oa|;iahle of weighing two poiuidH, aad Etuffieiently delicate 
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to tura viih the rKth part of a gniu vlien lidded, is placed 
t^n ft olieat provided vith foldiujf doorv, rithin whjcb tbe glus 
l^bea, each of tlie Cftpacity of fttvKit <k)o cnibic incbcs, ftttadwd 
to tiic ftcale-^iftiia, &ri- &cely suspcudcd. The g)ob«; b, fig. 93, » 
bcnnctkally Kolcd ; the gbbc a, for frdghing the gmsm, ifl 
pruiidcd uitii « »top-cuck ; the lur iK ciTiauricd fVom a w 
perf«iljr tw poMblc^ UMt H is cgniMctvd with ui a|ipimtiii 
irhkh Bupfiltf-i the gu to he wdgbc^, tJ>c gaa hiring bera oftnrfull/ 
punficd pud dried. The globe to i^un eAfa*tu»t€d -rory com* 

pletelj, tlic U»t poKioni 
Fto. ^. of ur being thiu dUpUccd 

by the g», >nd it u a 
«ccond titne tilh^ with 
the gftji ; thin ]VTK-«HiH loi 
Yhs rcpTfttcd It third ti; 
and thr giut will then he 
&ee tVoin atiacMfplurifl 
air. To avoid the Deed 
of Bay rorrcction ftir 
temperature, the globe ii 
this time placed in a 
Te»el of melting ke 
(%. 93), in order to cool 
the g^ to 32' t\, vhkch, 
by the Frencli, is alwiVB 
taken as the standviL , 
When the globe ia filled with ga*, and fufficicut time haaj 
e1a|M!d fjr it to aoqum the temperatufe of the ice, t^B 
vcwel of mercuiy, m, iiito wJiich the €«cape-tnbe dip*, ia w^ 
moTcd, ao u to ct^ualiEc the i>rcMurc iritbin tlie globe *itU, 
that of tho aiTi tlic »top-<x>ck ttf efo«cd, and Uie globe 
drawn, wiped curcfully with a d«ii»p doth, to au>id rea; 
the tfoHoco ctectriic, and it i» Ihta iiwj>eiided lo tbe acals- 
pan. It !■ not weighed, tii>wovcr, untU after the la^jAc of a cou^ 
of houTH^ hj" which time thi- equilihHutu of jt» temperature wilh the 
AtmiMphDre h reslfirei^, and tho prtMlncHoti of currcnU (146] anxiad 
it ift obviated. Tlio weighl is then accurately noted ; the globe ii 
ajtttin plunged in iro, the g*ia rctnovM by ihi? «ir pump, and tHo 
clasticilj of the iucludt^l gas meiunrt^d acoimLtcly by ihi; ^trnft 
ulUehcd to the air-pmii|). The mnply giohe ia a^txa withdraw 
'ona the ice and wciglied as before; the dift'erenoe of die Iva 
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ireightB vill ^rc the wm;;Ut of a bulk of gu, theeWticitjrofwIiich 
v% ^(UaI to that of tbe Atiiio<i|>]icrc, il» uuirkcd hj the Koit^Ut of tUe 
bttromctcr^ <liiniu»hcd hy the cWticit^, A, of the rcmaiuitijj ga», 
u ucomrcd hj the ^ngc If the capacity of tho p^lobo kiu boon 
prerionnlv opcoumtcty drtcrmJiKvl, the ciirrectod weight of the gns 
will be obtjiiucd hx the following proportion ; u\ wkicli b' rrprcw«it» 
the height of th<^ biux>ro€t«r ti Uie tine of th« mpcntnent, and A 
tlu« dMtic fof^ of tliG ^fu whioh naojucu in the ^kih^i idter 
exhftiirtton. 



TbOBllDdAnl 


Thtf ob«erred 


TUcobicTvcd 


C0ITMl«d 


froMojv. 


liroAiure, 


w^igkfr. 
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M. Begnaidt ]\m in ttun Eniinner determined tlic weights of I 
litrt! of each of tlic fdluvrijtg jcaiti, at jV F-, aad UJidcr a pre^vrc 
of 39'912 inches of mercury at 31*. 



Of Air, • meaa of 8 Expts. 
Oiy^Hj jp 3 Eipts. 
Nitrogen, „ 6 £\ptit> 
Hydro|:en, „ 3 K»pts, 
UArbooic Acid, j Kipta. 



1- 193187 
1*429802 
1*2^56167 
0"oH9578 
l'9774>4 



L these data it is coa^ to dcto-minG the w<ng)it of lOO cutno 
bfM of cAch ga« in gnLiuv, The litre hast a capacity of 6f'02^ 
cabio ineUcHi ; the gmrumc ia cqiml to ' j'433 graiua ; and the cx- 
pannou of air between 32° uid ^o" br beat is auati, tli*t 100,000 
pari* hrooitie 1&5J01- The? hanfjiaeiric pp*!«tire of a9"9'3i inrhfis 
mt^l* woTiJd be equal to a t^luinii, nt 60', of 30x05 inches of 
mett'Airj, Calculating from thote nombera, tbc weight in in^iina 
of the ttiidcT- mentioned gasi?^ under a ppcsauro of 30 iochca of 
mercuTy (the column being measured at 60' Fh) is aa follows : 



100 Cubic Incbca 

Ait 

Oxjfco 

Add 



At,33^F, [ AtOb'F. 



3*75" 
50*000 



Ot«B«^ 

34»3 
47303 
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(141) Dfi^rmim^fiom ^ /V S^ttt^ic Omibf q^ ('j^peicrf. — J 
A ftww* nfectbod of prrwrd-itrr ta rrqnirrd m btlrn^ tbr itprafl 
g w fit j r of A tttpoor. Thi* b an opRratua vhidi the rbnni«t 
frniumlljr oocawoo to perfbm, u it oAoi ihfom liirlit upott 
compcMtbOQ of the bodj. Tvo tt c t h odi faftvc beeo propMed (^^ 
atuiauiff tbe ohfect ; one, drrised by Gvy Lottac^ ia soiiable ^ 
fiqaidi vbicb boil At % tcmpcntnre Apprndung Uir bcUio^ pa%j 
of mter ; thr other m ftpplictUe not oolj to tliotr lii|ttiib but ^ 
aQ that boil bcknr tbe botlbg point of mcnruiy- Tbu Utt«r 
raettiod, coptrtTal bf Donm, u tbc ooly otw that will be h^^ 
dcKribed. 

A thin |:la« ^obc or ballooa (a, fig. 94) of 3 or 4 ittdm ^ j 
diunct4T, is dravn off at the nicck into a cajAllftir tube, jorsj 
iDcbca in Icn^h ; the open extremity of this tube b attached toi 
deaiocattn^ tn1>c liJkd with chUinde of cakiam (63), and tbi^ 
O0nDect<<d wiih ;he uir-pump. Tbe air it eihaiuicd firam tbet^ 
paiatiiay and tbea slowly re-admitt€d, repeating the procem thrrc 
or four limos. Bj ihiA meaua auj Ilia cf . 
mciinarc nfaich might be adberitif; to Uftj 
totcnor of ttic globe ia it'iuutrd, ml ' 
It k> filled with air in a diy ^tatc: tlie 
temperature Ukd prcaaurc of the atout^ 
Bpkcrc at the time are not4;d dowii. l\c 
hftllocn hating been detached from the 
ntr'pi;Tnj», it to accurately ii-cif;]iedi tlai 
weight rcpr^pionts that of the ligJhxiii- 
nnd the? air which it rontama, 7^ 
lary talw i» \X\<'t\ iri«-rtrd into the liqnU 
which La desj^nt-fl tii rtimiikh thr vapov 
tbe specific grant)' of vfhicb U matured : 1 
gcuUy wamnng the ^lobe, the eiu-loHcd air ' 
cxpaiida, and a tmall quantity of it t» ex- 
pelled. A« the globe coob the air B|[«in 
contracts and tJio lifjuid Hm^. loo o(J 
150 graina of tbe liijui^l hnviug bc^n thin] 
iutiodaocd, the f^lobc b next firmly attached, by meaiu of ctjpp 
wire, to a wooden handle, c^ and by it« tueaits U depreafted, na 
pTtacntcd in Jig. 4^, compktcly beneath the fiuiface of a liqi 
(vratfr, oj], or chloride of unr, aoconling to tlic tcmporatnreJ 
required), which u gradually heated till it i« 30** or 40** V\ abov 
tbo boiUii^ point of the liqmd of whidi tlie inponr^enstty ' 
rojuircd. The liquid in tbe ^lobe b thus made to boil brs^jJ 





aad ie couvcrtcd into Tupour, vrhioh cxpcLt tho Air imd lakca its 

After Uic vapoiir ccoifcctt to o«tcapc from ihfi npcrturc of llio 
CftpiltAry tube, llie Uinprratnw? of tln^ hath in muintJmuMi ateiuly 
Cot a few miiiuteti, ti> ;Ukivr tlu- biilluuii ziud itA ooiiUruU to acquiro 
tkc temprmturc of tlie Liquid in whk'h they are immerfied. Tho 
temjicmtliim is then observed by the chemiometCT" ', ami At, the 
unii! iiiotucnC flip cngiillfir}' tiibR U m^IpH by the flnmr of thr blnw- 
pipe. Tlii^ linllixm i» then rniiovwl from tht^ imtb, luul jillowi^d to 
cool ; it in iU^>rcii^h!y deeded, itml n h^coikI time accurately 
vciglied. 'Vint weiifbt iUu^ obuiiietl rcprexeuttf th&t of theballooit 
with tbat of the liquid which remaiucd within it iu the fonn of 
Tapour at the moment of the sealing, ^Tbe capillary nock is now 
filuDgod Ix-ueath the surface of water lor of memuy), and jb tlieo 
brok«u o(t If tho opcrotioQ be succtssful, the vnpour cund<'nM«| 
and the lii^uii] attend Uio gloW^ so t\» cither eompletely to fill it or 
to leave otih' a amM bubhio of air Tlie ^lotie, with the water 
vhidi it coiitaiiifl, ia tlieu carefully weighed, aud the capacity 
of the bailooD is thus aftcertaiued, since 2525 grain* of water 
aJV cotitamtd ia the space of a cubic mch. The bubble of mr is 
then decanted into a graduated tube, antL it^ bulk ineu«urt*(l ; or 
tbcjclobe mar be coiQjileU^ly tilled up with w%U-randu^n tveighed; 
the diiTereiice of the tiut two wutghltiga wiU rq^reaeut the weight 
Qf a quantity of water which correapouds to the bulk of the babble 
of air. 

All the data ncocHtary fiir cakutatiug tlic apccLflc gruTity of 
the vjipour arc thus funuahed, aa wiU be seen from the following 
example: 



Determiruiim 0/ the Densitif vf the Vepmr 0/ AlcohoL 

BY aSPERIMENT. 

Gmini. 

(l) Weight of the balloon ftill of air, at a preeaure of 

29' I tacbea baioineter, and a tcrmperaturc of itS7'30 

57" F 

(4) Weight of the balloon full of tajjoiiXj acoJctl at | ,,0^ 

aia" F,, borometcr at 39"! inches • _ | ^ 

(3) Weight of Uw hidbt>u with tliu water that entered o,-..- 

ou opening the cnpiLhiry ueck under water . j 



10 



(4) Bcodual air 
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BEVeiTY or TfiK VArOUH OP ALCOIIOL. 



HY CJiLCUL.\TION. 

Gruii«,J 

By (3) the weiglit of cho bnllooD full of vatcr vni» . S 1 oa*o - 
^ (ij th€ Kcigbt of tlic Imllooa full of air vm . 1 187-1 



Piflcrt^ici"; wpjgbl of the urater . • . , 

Add iIt fur the wdglilof air Asplaccd I7 the vntcr . 



45914-8 
8-4 



1 



6923-3 



dbU Inchc*. 

37*419 m 



O'lOO 



} 



a7"6i9» 
17-66* ^ 



Dividing 6933'2 by a52"5, wc obtoin^ u the con- 7 
Umui of the Inllooti, in cnbic incbcji , . ) 

Add to thj« die bulk of the rc*iduiil nir 

{.S) TTm" ?r«tu triven tl»c ctpiwitf of the b&Uoon at 57*^ F, 
Add tb« mcreaae of volume due to ^paaaion at 113"^ 

{6) Tlic cAimcitj of the bftUoon corrfctcd to the tcm 
pcmturo of at 3*^ becomes . 

37"<Sl9 eiiliic inc^hev of air mwwcrwl at 57 F-, withl 

barotoHf^r at 2<j- 1 mchea^ would beoome at 60^ f 37-0S3 
with baroiueler at 30 inches . . .J 



And would weigh ...... 

Now {hy 1) the weight of the bdloou filled with dry 
ftir wajt ....,,. 

Deduct the wei^t of the oir 

(7} Thedifferfinoegivee tho weight of the empty baUooo. 



n 




The 0'2 cubic inch of r&qdual air 
and at 19' i inches barometer 
311° F. aiid 291 barometer 



jr mPasiircd at 57*^ F.,^ 
etcr, would become at > 
tcr « . .j 



117883 
CvbMl&ok. 



0353 



• WliTuriipdiiociirvrr i»d«Riyd.i( i»ii<vtftB#iiV7 ton)ciu1«lot|i« <liflW ._. 
bctwwtu ihv mpkritT of tlif Rbbc »t tJw tiTnpiTntoi^ of the ttir. xnd ihit 1 
Ihe Umj^entntG ml jm^HiDg, and to luld tlm difldreiic« to lb» capacity ai 1 

rulnlcJ abcFTr^ Wht>it tW t^?inpcniturc at BcaXia^ im rvrj «l»*al«|, | 

e^rrvctutu arquim tutmv inipoftiuicc*; bnt it it inMifi^iliruit in iiNMt cftMfi' 
moTv rvpeciftlly m tUe veponr di*uflitieB obuiinfd bv eip^nmroit ttor^ 

ootucJdi iLcmrKtcf^ itith tbc ihcorclicpl rcAtilU, mnd a lair &pproKiin*Lii>a n 
grut^rolly nil thitl m rf^iiirod to indioute the ata^ of coodL-Tii«ali<in of thv on- 
HlitTi«bt« or t)i« (^>nipouud. S'mce the fxpjuitfian of fliul i;laM b^woMiu* 
ftod *ia', b«|iinl to ^0012^^,66 of Ibi bulk, th« i)jcr(«#c id vnpaotf of Ua* 
biHihw ia ihii forvgoiajE t-ipmment between 57^ ukd Jia'' ifl 043 wir ladu 
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Onuo* 
(8) And vouU irdgli .... * O'od 

But (by 6) the capacitf oTtlie balloon at ^i^^ wan . 37'663 

Ucduct ililatcd rcflidual Air , . . 0*252 



The ditfemwc girtt ibe Bpdcc occupiwl Jjy alcoboll 

T^MWir^ «t 211' F. and 391 barometer . J ^^ **" 

Now a7'4i ctilrtc imrhiw of vnpoiir, inoa«irCTl ftt 2H* 
and ay I bwtimrtcr, il" ibey coiiltl exist uncxm- 



dcEUcd &a trapuur^ at <k>^ F. tuul at 30 incJica j^ 
bAroai4.-44:r, would b<!ooui« , . . , i 



^'5^*5 



GruaiL 



But (by a) tUo united weight of the balloon, the 1 .g^^^io 

Yapoiir, and the nCTwlual air wm found . - j ^ 

Deduct Uw weiufhl of ihc rwidual air (8) , . O'o6 



The dilTcrenco givea tAe wei|;bt of balloon and) g^, 

vapour . ; . . '.'-•)' 

Deduct tlte weight of ibe empty balloon (7) . .11 7^'^3 



The difTcreuce gives the weight of 10*56^ cubic incbea ') 

of alcohol m|>our at 60^ • . . -J ^ 

J 00 culnc iiicbea of tdoobol vapour would, therefore, weigh 50123 
^ninv at 60^ F. ^nd 30 iuhcbcs barometer. Now, 100 cubic inches 
of air wcigU 31 grains, at 60"* K. and 30 inchcB buomctcr; tbcrc* 
lore, 50'i23 divided by 31 gives i'6ij the »pccifiG gravitjr of the 
rftiwur of alcohoL 

5 IL On tbb EquiLinsivbC or Tkmpeiutcek. 

(141) \ll bodies, whra belted, rv'tuni sooner or Inter to the 
tnoperalureofaurrnundiitg objecta; the tetdcucy of heat being con- 
ftUntlr to prcscrre an njuilibrimn. Thifi baloiu^e bt restored either 
by tnuumiwion from particle to particle, in which euae tUe pro* 
COH U ternM.*d coHtiuction : or by convection, or the mutiou ainongit 
the imrtjdtiM of liquid* or gBsm : or by radiation between bodica 
at a dintu>c«^ trom each otltcr. 

Gmduttion, 
(143) If we pUc« tiM eiu) of a abort strip of gljM and of 11 
atrip of nvrtal, of ctj^iial length, in the flstma of a lanp, we shall 
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COSDVCTIOW or HEAT. 



•oon be scufible Umt beat rf&ohea the fln^ni mtat rapdl/ 
through tbe metal timn through ihe gla«a; aud shall tiavc a clear 
prcHif tlinl theifino bLlMtautcti diflcr ijrtally Ui ihi-ir pontir of coi>- 
ductiiif; Wat. or aU ktiowu Aubatauoca dicuiIa |ro?u<># tlic grcAtcat 
amount of conducting powcr^ but thcv «]itfcr conjiidorAblj vhcn 
compared vith cnch other. It mnj be takcii lu n rulo, ulthtiii^ 
it ts liable to utimcroiu cxocplioiuij thst thi; denser the body tfao 
lKit4>r it cotiduou hcmL M. DusprcrtK {.^nn. de Vhimie, XL xrxvi. 
4fll) mult! a acricB nf eicpuimc&tit to d^'tc-nii)U« the condtictinf^^ 
power of a vmety of >olidA: he iWuied liiem iuto liara of o'826«^ 
inch HquAre^ niid drilled liok« in tbe hais at difitiinco« of ^'9^^ inrlic^^^ 
ftsundeTy for receiving the bulb of a chcrmomcVer ; a vit<?iuljr h**^ _^ 
was then applied to one end of the bar, and the tcmprntture C:::^ 
cmcli thcrmomctn' was rccotdcl »* jwkjh a* the U-miH^ratureft caiae^^ 
to riic The following table ^liovs Uic rcaults which he obtained ^- 

Confhtciion ^f Hect fy Soiids. 



Oold 10000 

Silrtr V73"^ 

Copper 898 a 

I«>ii 374'3 

Ziuo 3630 



Tbi 303^ 

Lt'W '79^1 

Marble V^f 

Porcvhiiu , • , , 12^ 
Firo Clay .... 11-4 



It ifl pHTidpaTly owing to difTcrencea in CODducting poorer thit 
bodks ut the itauie tefripeTaturc excite Milieu touched vcjry different 
«eiuMitioii8 uf UeJit ur of tidd, A piece of loetal f*xJ» much b^tur 
or coUlcT Uiau a pitH;« of vvuod htaltd to tJic same degree, bccaxue 
the metal, from it« Anpcrior power of conduction^ neeordiDg o« it is 
above or Wlow the tcini>cratnrc of the hind, imparU heat or 
reccivctt it more (|i]ieklv than the wood- 

Thi< |)ro{icrty of couiluctiou in po)ui4V»>ed by Liquid* in n 
linuted d<<f^ei?. On filling a t<^st tube with water, aud holding i 
by the loner part, wUiUt the top of the lube i« plaeed acroitt ibc 
fhime of a Bpirit lamp, the vraier at tlte tO|i of tW tube mar ^m^J 
kept lioiliiig for many minatot without occaaicning the FJi^btea^H 
itiCNiiirenicuec to the person nho holda it- Oafcs are inferior even 
to liquida in coiidiietiu« power; hence it is that porous bodie8, 
such aA wool, fnr, and etder-down. which imiinioii large Ixxlica of 
air witliin tliero, are w well adupted for winto- clothii^g, liy pns 
ventb^ the eacnpe of the beat of the body outwatd^. i'^or the 
auiue reasoD, chieHj*, the employpHUt of double doora aud wiadowa^. 
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which indudp ft layer of air between them, i« so iif«fii] m preretit- 
inf tlic licflt of oxxT a^tfUtmeTiU troin e^^^pii^ outwunl^ ; or, as m 
ike ca^e of fire^proof boics And icehouses, from jimietriitini^ from 
tbe oulcr atmosphere. In a similar manner mow prc^nc* the 
iramitk of the lyirth fhiriiig i\\c rifjour of tinier. 

llic rapiil cKimgi- of j»arii(Oi's of siir uhich arc in rontart with tlic 
body, by the artioii nf a wind, renders the human frame much left* 
itble to bear ooW in a windy, tlmu iu a mill aiiHo*phcrc. Voyagers in 
the Arctic rcgiona found that if properly clad, Uicy could ciidure 
ID o Htill air, a tcrapcrntiirc of - 55' l'\ ; while al o* with a brisk 
wind, it waa impcwsibk to fa^c the \mxzc with safirty. A luin^llcl 
cue occure io licjuidH ; the bond may with iiu|)imity bt^ kept 
stationary In water of a lemperatiiro tut bi^'-h, that if the hand were 
ill tDotioti« severe pain woiild be oa^iviioiicd. 

Maiiy familiar contrivauccs for preventing the e«capc of heat 
and for fnrtlitatin^ the- cm|Ju^makt of hot IxMhert, drpc-nrl upon the 
Q«e of iTift^rit>r couductors of hrut ; thu£ a layer cf cluircoaL is 
goncndly iuti'rpovod between the ca«e of the furDtt«!e and its firc- 
<^lay liuiiif, ill order lo confine ihc licflt, Tliu keLllt-lioIder is for 
ihla rrautuu uMrd to protrct tbt? hand from the heat of thu metal; 
whiUt the hnudlce of teapots are iiiKulated from the hot metal 
by noa-ooad Acting pt<*c«« of irory, Wlckrr-work or mnttiog ia 
pliftCfd anther hot dinhi^j to i(0]MLrate thrm from th« diiincr tabic hy 
badly coodtiHiii^ tulMtanei**. 

MtK'h i>f the i*coiiorTiy of 
fVtcl dep(^id-< upnn a jndirJDrin 
applteation of theae prinriplcn- 
An in«tnir:tive illustration of 
tlutir importance is exhibited 
in tbe manner in which heat 
may be ccoiiomiEed by an ap- 
propriate conj^tTHCtiow of the 
boiler of a stctim -engine. The 
fijrni which amw(>rs this purpoae 
iDost perfeetly i* tliat which u 
known as the Comifih boiler. 
Fi^. 95 Hbows atranaverfie «tc* 
lion of this boihn*^ it coni^ist^ 
o( two oyUndora pl&ccd one 

withm the othi^ ; between tbe two n the space for the water ; the 
interior cylioder eontaim the fire-grate, a«h pit, and the (int por- 
tion of the flue: die heat, which would otherwise be ooadncted 
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|«« dmasli tli«' 
M oocb u fonj 
Alans the iMtvdeoC 



vi^, ml iIh ktttad jiiriaiii of 
boOtr fcr 4# «kife lo^ whkk 
ornam^ivtf tk hot air 
Ae boOer tcivsfd* Hat CnriM^ : 

Ibf hotter bdon tt fiaillj nKfantteduaniT-, Lob of boat fram^ 
tbfOTtor nvbce cf the bodtr » pfwcstcd bjr comins ii witfa^^ 
bjor of bidlf ooBJiwtif vaftcruL la ita boiler of the kxstto-*^ 
tire, vhere m Mraoffr dno^t ■ anxBuj, the ItrqiUce ii wi^^ 
at top nd oe iSi tvo adco bj a doohle cMog mnTainiii^j 
, and tte hoc air bom tbe tevoa paMoa thioi^b the ki^tS^ 
of the UhIct hf « ausuha^ of HaaO tttba, «bicb open at oor e^^^ 
into tbc fire|J«ce, ft£ the oUvr nite the chhancj> Los of h e^fc.^ 
^utn the ctUmiA] Borftoe U hm^ wiaa i^vraatcd bj cmui^ ^^^ 
boiler in some ni wi -^tthH nrtm^ maftcnal, vliich u f/tqiieiit^ cchtc^n^ 
with wood. 

tkw. — The roAOATcbm of S«aAnBoat {Atm, de CAune, IIL xxLi 
457, atari uii. 179,) bare tbovA thai tlthou^ tlie ooii^iio^ 
jnwcr of MkliHii vfaidi are bomogmeow t&roiigboatr uul of arpa^ 
«bicb U-Jdu^ Ui the n^ular ^fut^-m, » unifiina in efery dirodio^ 
jet ih^t ill all ^n^fttAla vliirH <1» luit bolnng to thi^ n^giilsr ftjUcn 
the DDfiducUug powt^r vikiicM in diffrrrtit ilircctioH^ 
acooidiiiif to the reljition uf the diroctkni to 1^ 
J^^kL ^ the optic aii^ of die cr7»laL The fuadiUMttlii 

Jj^^^^ &ct ifl easily demonatratcd by takinjf tvo •boa a( 
Whh^ f <|iiftrtz, DDC cat patalld to the axu of ibe priedB, 
\aBM^ the other cut at right angles to that axiB ; tlunii^ 

tlie centre of eaeb pliUe a imal] coaical tpeitun 

eia driited for the reocistion of a silver irirc, ou 
end of vKicIi can be heated in a Aiuni;.aoil vliidi 
by ltd condiutio^ jjoner acts as au uuiromi ocntn) 
aourve of Jic^t. If prcrioufily to the applicmtioo 
g or heat tbc »urfacui of the crystal be coated 
with liui^tuwax, the viuc will be melted in tbo 
fijraj of a circle, of which the wire occupica 
cM?Tttrc in the pktccut acroia the axts ^tig. tfi^ 
wUiUt oil the otlicr plate tlie wax wUl melt in 
form of an otiip^c^ the two dianieccTH of uhich aft 
IM looQ : 131^1 Uie Joug axb coi:u!idiog with 
direction of the optie nxU of the cry«tftl (lig. y6^ 2) »lujning tbi 
tbo coiuliictiiig power i* gnmtcr in thi» direction tU&u m uue at 
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Ogles to it : wLikt the cireuUr form of die mclUn) wax in tLc Gnt 
tperiment ftlioirs Ihe uoiforuiity with vrbicli kcat is |>i\jpft^lc(l in 
U directions aromidf &nd parsOlel to^ tbc ask of s>-iumcti7, io 
ry«tal« vntb two optic bkci>, iUc iv«ult«, althuiigti more complicated, 
rvwTDt the same intinute coiidcxiuu \ritli tlie dir^ctioo of thoflc 
iLCfl vritliiii tlic cr%'atal. 

DclwiTL' nod Decandoile have iliotrn 
lial diiiiW diifereDnw in oonducting 
ower occur in wood, vhich oondocu 
aiich better vitb the ^nin than ncron 
t; that Ls, bvttcr iu a diroctiou pontUcl 
d the fibres, thui«cn>fffttli«D). Dr.Tyudall 
aw Dot ordr amfirnicd tJiid fiu,-!, but tun 
bo prtivcd tTk«t heat paaacA rutlivr more 
■jiidlj ui « direction from tbe exlerual 
ur&oe towurdA tUo ceutrc, a b (ftg, ^7), 

ban it AotA tu & diiodioD p^ndlcL with the lignooan riii^, c d, 
PML TVttAf. 1853^ p. 236.) 

(145) Although the puwer of oondcK^ting hestt poittOMcd 
^ liqutdv and gft^rfl b veiy itoall, yet they ndmit of hotng 
aptdly haated by a proceBs of cireidatioii or <^uv(vtioii, vhich 
|«|3md» upon the free mohility of the partidrjt thut <Y>nipcsA Wtem. 
yhcti hmted, i^ach partielc cxi^iid«» and iMrfonnai for the time 
pecihcally ligUt<^r. If the hi-at be apph^nl at the bottom of a 
urge tUuih Dtfixly fitlctl viih water, into whkh a iUtte bran hua 
sen tlirown to ciuLhle ttie eye to foQow 
U raotioii occa^oiied, tbe heated and 
^htei particles will betccu by tbe motion 
f till* bran to aftccnd, while thdr place is 
U|jfitied hy frcch partidca from lite «idc« ; 
be»c in tuni come intc contact with the 
cated gla^ at the U^ltoni, and tliey 
gain oittkc way for colder portions An 
ioending cnrrent, bb shown in fig. 9^, 
I thui established up the middle, and diN 
DPiiding eiirrents ttow down the side* of 
he fbuk, which ore ke|it cool hy the air. 

kuything that chft^kn tliiA free cijxiulaliuii, and oocaaious TUindity 
\ ibe U(|uid, itiijH^li^ tlitt distribution uf heat. Porridfje or »liu\:h 
ming tho boiling r^uinja to be ooaiilautly stiired^ fijr the pur- 
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pose of preventing frtr&h niTfacCH to the source of heat, am 
prcvi-iit the panions tti coiUact vitk Uic hot buUoui of the: 
&01D hiYHjmiii)^ OTL-rheated and ' burned/ 

The motion thiu comrnunic&teil hj hciit to liquiil)i, hiiA been 

ingeniou.-Oy ap|iU<K] to the irarmuig oj^ 

IniiUhn)^, hy the circuUtion of hot watcqiH 

inpipeft. Oneof thcmo8t ctfcctii^incthodft 

wilJ be tmdenrtood by examming fig. 99, 

f fir s whicii icprcacnt* i^crkiufi's arnuigcmeiit 

I I for lii'itting hy mcani of ti'it wiitrr at a faigb 

I I I pri-MKitix-, III tt9 nimplcTii furm itoonsiftia 

jt , I .9 of n eoutiuiiouv wrouglit-uou p1|ie, 0110 

■^^^ %^^S "^*-l» "1 (liaineler ext^tniall}', witlj a httte 

half au iuch ill iliameter. The pifte i» 

eumjilclcly filled ^iUi ii»(cr at p aud 

<:lo«ed by ft pl^>^- f^^ ajiptimtiu is 

provided villi n chaml^cf at r-, of ftbout 

1 or £ tlie eapiurity of the entire tiihct *^| 

cJloir for cxpiDiMOti ; thin eluuiiT>cr Witt^ 

IvH VEDjity, About I th«? eatiri? length t>f 

t)ic fupe ift coaled up at 9 c, and u licaitexl 

by u fiuuoce, uhicb ia of in-"et'i»iiT placed 

ill tiie baacTiiert of the hnil^lin^. At 

fl s, s fl, otlier cools are formed upon 

thr" pipe OS it passes tliroiigh the dif* 

fcrcDt Jipartin(;nt« nbich arc to be heated. 

The course of the water is iudicftted by urrovs. The hot «; 

mixed wiUi bubbles of Mt^^ajQ, pujoie* off from the upper 

of the coil, f c, aAccnib by the pii>e, it fi, to the hi^hmt 

of the building; it then Hovra oH on either nde through the 

eoib, a ft, 3, and retunia by the pipes, c c, which unite into oae 

before delivenng the cooled water to tlic bottom of the coil, r c- 

ts,9s are stop-eockfi for onxisting the current thiough any one of 

the heating emk, i« «, k a. 

Hivimportimeeortheeieeptioniii the ease of mtcr to the repw 
lonty of fxiJfin**ioii(i37), in connexion wilh thew cinndalon' morc- 
nieuta wiil now be perceived. During the froMifl of vinier a npHl 
prooeBs of cooling f-oe^ on froui the surface of the eurtli, and cf oar 
lakes and rivers ; the colder water ainks lo the bottom, frvsli jiorbciti 
bcin^ supplied from below, until the whole has reached the teinpov 
tiirv of 40^: below thi^p point the eoldeniatcr bcin^ tlie lighter rcwiw 
M tJiti to|), t^m protecting the moss beneath fh>m further rcllD^ 
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tinii of u-mporoturo bj* iU Lurm-jor ootuluctuii; jtoverjand prevent- 
ing 0ucli A fvtlu4.''tion At Ally roii^ideruble Uepth 9* voultl bi^ f^t^ 
to the ftniniidh which it contain*. Ice, too, being li|^hier than 
wmU^r, floAU upon the durfiirc, nin! ihii* thp bottoms of our rivnra 
llfr prCftnrliTrl from the nrrn mi lit* t.ion*i <>f frozen water, mhrm-ise 
im'iititbh- ; aiiH which t«i MiliMMjiirnl Hiinimcr }ii*st woul*! cnr 
suffice to mcU. or rven to rettch fmm tUi* unHacc. In th*:? ooi<aii, 
wbere tin- mjaimtim of dciiMly ot^CHm Ix'low ^a*, the ih-iith w 
80 great th»t, excepting ncAr the polar circh^, the \ov tciiipcj^tiire 
dott not laett HulGcieuUj longr to reduce tlti* ciitiro maaa to a 
dfif^ree injurioufl to animal life 

(146) UtarfnU in Gtues — Venlilatlon, — The motions produced 
IB ^nsca by the expansive action of heat arc mill more ohrioiia 
Bnd (*xu-tiKivc tlinu those occasioned by it in fluids. The tajjmng 
form of Ihimc w ixic to au cxpuoMoti of the air^ accompanied bjr 
a inwedul upwij^ current, produced hy the heat with which it U 
aUcaidfid. A body of heated air confined in a li^^lit emelope 
poasenea conaidenibJc asccnaioual poircr, and coutttilutca the 
Qnlinajy lire-balLoon ; it vom, indettl, by means of such a balloon 
tiiat the firvt nxonled aeronautic ciciir«ion took place. 

TItc ;i|)plicaUon <if lh<? cnrrejiia proiliiccd in air by difl'crencea 
of temperattire to the ventilation of our ilvrelhnga U a Huhjeet of 
^reat praeiieal iin|iortauee. The drtmyht prudnoed \x\ the ehimiufy 
ia due to iht Iitai dL-rivod from the firc^ vrliich diUtet ihc air iu 
the flixc abo^tr it, aud rcudcra it «pccilicodty lighter : It cotifrc^jtieiitly 
rtMM IB the itinA, And tlic longer tlie chinincy the oorc |>ovrcrful 
ia the drmight. Siipp<uiC the tctupcrnttirc in tlie chimney to be 
00 tlio aTcm^ of it« length 15^ itbov<* tliat of the outer nir, nhich 
mmy be a«»uDbcd to be ml 41'* F. ; the dilatation of air for eueh 
i" P. !• sia of iu bulk &t 41°, the eohmin of air m the ehimiiey 
will therefore be dilated A^i> or A> A coIuidd of anch hented 
air, 3t feci high, which wc will a^nmc as the length of the 
efaimnry, would therefore only hiilanne a column of the tem* 
peratnre of the outer air 20 feet in heijjhl, \\m] the juKdi^ional 
forop of the ht^atc^l air woidd be tliat due to the diUlTcnce 
in weight between the ::i feet of warm air and £i feet of colder 
air, or equal to the prcftsiirc of a colunin of ihc colder air i fool 
in kci|!ht. Air mufit, honc^er, be supplied to the lower open- 
ing in order to allow the eqnihbrinm to be rotorod ; aikd if the 
communication of the upartnn-nt with the uuler air he invuf- 
tcient (» when the dcon nttd nindon» are rart^fully do»M, and 
lifted down^ to exclude the dmughtA of cold air that nuh in at e^'cry 

o 
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erevice to ftintitJi that rvquire^ to f«ed tKc chimnei^), >^ irill 
enter Qt tliO top of tlie oliiiujieyr jtut aa wbcii a bottle full of fttr 
in pluiL|;tr(l, with iu moulb uywardA, uniler wtttrr, lli« water 
enten at the mouth, vrhlhrt cho ftir 0'(^|>f*fi in gunlun or biihhl«A. 
I^o PofiMvjn^irc of m\t\ mir mtpring at thf t^p of tlir rbim 
■ill 1k^ that it poura jlnwn intn the mora, MiA, a* a nm-wutrjr m*' 
suit, ttic ebimui-y iLtaolcm. If tikc thjur or the winrkiw be tvpeand^ 
IiowcUT^ tlie ttunoyiLiice cciww. In * room proj>CTl>' ventiUtad, 
the rci|iii»ite vtipply of fresh Mr will enter tVeeljr^ withoiit the 
neoemtf of tetlini; the door open, 

111 veutilatiii); a room, it must be remembered that the air 
h&0 been uBcd, auft whitb requires iruend, bac become hflatvd 
rapirttion aiul by tlic buming of lampe or cimcUca } it thcrclbrc tifm 
and accumulatct in the upptr piirt of Uic n>0Ri. This i« cauly Men 
by oi>eiiin$ tlie duor of a Iktated a|)iirtiiiakt, niirt bobUng a candi« near 
the upper part of the door-vay \ if tlie vriiidovr be i>ut opeii, u <rttm*nt 
will generally he found blowiog' the flame from the room. Midway 
doWEi the tl&mcwiLl he BtAtiork&iy, while near tlic floor it wiU ba 
blown strongly into Lhc room, in this experiment the lighter heated 
fiir flown out above, while the benvic^r cold air mppliro it» pUee, by 
eiiKring at the Uiwer p&n of tlie rooni. It b for tbia reaaon ad- 
i-lsablc always to m^e apertoreA tor the eacajie of tiealed air near 
the ceiling ; at the aaine tloie, no veiiiilatiou can be eflTcctnal 
which doc» not provi\ic for the cutmucc of fr«»h air, which nkay be 
prciiou^ly wnrmrd or not, and which n bciU admitted at the lower 
part of t}ic rooTD. In caw* where there i» a sufficient height of 
ohimncyr a coiitnvAncc of Dr. Arni^tt'* ia a volnabJc atudliaiy to 
th1^ Tuutilution; it ccDtnaA* of n holanoed i^vl% openui^ into the 
ehiniuey, aa near the mliii^ an prac^ti<>uble. The heated atr paaaei 
off through thid aperture into the ^hituney, whiUt aay akOBaaataiy 
dovrnuiuxl dmiigbt <»vn*ioiird by tlio Hiuidc^ii nhittting of the door, 
or otiierwisc, c&unm the valve to elose, and thii« to present the 
cacapR of nnoke into i\w. rotjin. 

Thi^ velocity of tie current) |>roduced by heat, and tl»e rate <tf 
coolinic eflecieil by them u|)oii a thermometer healed up to a defo^ 
tajDate point, vary in different praaea, beiiii; more rapid the liKhCff 
tha gaa* In hydrofirc'n the rate of coolini? is much mosc rapid tha 
ia atTp while in carbonic m:\<\ it in eotuideraljly Icm lapid^ 

(147) Drade Hlndt. — The proceaaes of circubttum producfd Ijr 
heat in Eitpiid^ and B:a^^, w hirh have just l>e>eti deHivihed, oecur npoi 
a vast icaie iu the atnioapiierc an<l iu the ocean. The inporttit 
phraiomctia of the trade winde aiisu from movcmenta which origi- 
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Dtio irom tfane cvimb. The tcmp«ratujQ of ttio >iur&co of the 
eftrtb not 1>oiDg UEiifonn, but hcritig liiKb<mt witliin ilit: trojntv ojid 
lownt Al tiic poW, tliR wurm air of thu ci^ujiUir, iu it riJHV in tem- 
penttore, liocomuii CKp*ikd<Ml, py>ws Mpoc-ittuallj' liitbtvr, and there- 
fore AMceDdift, its piftce bein; mippUcd by c<Hiler air fioin the pttfts 
acljaccmt, but nearer to the \to\eA, The beaitj^il oquatoriaJ iurri«» 
to a certain point, aud tben falU over to mippJy tbe ptaC6 of cho 
fiOOktr sir JlUit cODrcyed (ram the iH%'hbouriD^ rr|;ioDs. Id potu 
MqilClloo of tbt»c HCtious, tlkc air upon the Kudaoc of the rarth is 
oooitjjiuallr EDOviiig from the poles tow&rcb the cqnator, aoil aliove 
Uiia cuireat w uiother pruci-«iltti;E iji tlie coutrarj diroctiun, from 
tlie equator towarthi tlie iKilen, The lovver ourrentr >ilii('li is 
steadily felt od eadt mde of the equator^ throu{Eh at leut 30^ of 
latitude, ift of the utmost importance to navi^^atiou, and forma 
what aic calW the /r«i^«^ uwd^. The upper current does not 
Admit of beiiig to accurately tractd, but thcr« w vati^dactory proof 
of il« cdstenoe- Die jtiuimuu of many tu1er-tm[uedd rDountaiu^ 
auG^ aa tbe Peak of Teuenffe, 11,180 feet hifch, (uid Moutta Kca, 
in the Saud^ch l&laiid«, 18400 ibet in height, are su&ideutly 
cLer&tcd to reach into the upper ciurejit ; and at the top of th(5« 
tnooDtuins a «troiig south-nratcrly nind blow« n^utijiually, vbilnC 
the nortJi-c«it tiaic wind is blovring at the hJL-<e. If tite ejirtb 
ira« atatiooary, the^ curreuta would wi du(^ tJtirUi &iid stoulli. 
Tbe wirfoec uf ihc glulic, iLuvrevcr, i» rcvvKiiij; iruui wuit U> eusl, 
at the avera^ rate of 980 tnilev per hour iu xi» CLtUJiU>rial pait, 
aad the r&pidity of motion ^rAibudly dirainUtK* towurdb the polca, 
at whicJi point* the motion alrpoAt vuiifJicii. Air, thercforOj 
whidi tiowv ti>ward« the equator tjMtn the pok^ la moving joort 
alowly tbao thoHa re^oua uf the ciirth toward* wliieb it advmkC«a, 
Since, hovex-er, th» objects upon tlie nuHkoe partake of the nioticMt 
of the eartlt at tbe particular apot on whteh tbey n»t, and na 
therefore the eartli's motion k not peroeptible, the efToct of a wind 
tmtreUing mora Htowly in the itame direction uft that in which the 
earth L» moving would be predwly the mime »s itint of a current 
blowinjE ia thu' opiKK-^ite iUn-<'tion, with a velocity equal to the diffe- 
rence between the rate^i of the two motions, suppo^^ing the earth to 
be at re»t: cQiiiec|ueiUiy the vbid from tlic north has an ettnterly 
ectp whieh diminishes as it approJbcbe* tlic equittf>r, where the 
notion of the ftU£icoiKi\« portions of the auifuee becoraoA raore 
uniform. From the 0[>eiution of ttiese eauhea the uOTth-eo&t is 
one of the most prevalent wuidii in our climBto. For simitar 
leasoiUj the equatorial current towmxU the poles sets in a westerly 
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dtn.-ciu>p, uid rcioitLH itd ooi^tvc icvbai it oomes iloim to %hc 9 
whiob it dotre at &ud uboiU our 1atilu<le, OGcaiaioiiiiig iKo nohterl 
ttiDtU xvhich prevail in IIhwo islfind^ so goneratly nl certain i*rjwion*- 

Th« IsdH and wn brwstw which oornr mr^rring aim) rvMiin^ 
fllftTig thr fTiBxt* nf tmiiira^! rf«mtricfi> *rc dim tn thr notion of 
ftuidngoiiA (--iLi]-'G<v. l)uring lltr t^rly |iart of tlw thiy tim farlJi, 
frcnn tbc action of the minV nijs, Iks^rick more hmed tluku 
tbe ever-Tnovitiff ocean; tlic air atiove it rx|B»iidA aud rb«s, wfaikt 
iu |JAce ii supi^liecl hy cookr air from Lite oa*au — tliis coostkateA 
the jira h'^re : wltilst in tlie ereaiDf:, afto nm-set, die l&ud coob 
more rftpidly than tlic ocean, and the air resting upon it c<JDtracts 
til hidk, and becoming licavicr, flows out during the; iiigbt tipou 
tbo tea^ marl producvv the friml hrecze^ 

(148) Gitif Stream. — Similar ciirrcnt^i of equal cnnctuicy 
regularity, eiiMt in the oot^aii, but ihey are iiioditicd iu their 
direction by the i^eucral diHtnbutiou of hmd and vaicr on the 
mrth'ft snrfacc. Tlmt part of the ocean which is imntodialdjPi 
tmckT the tropica, niul iK^twceu the ca««tcm and wotcm bemi 
»l)hera», Jbr exanipU-, bw^onn-* ]iigh\y htui^ ; ibc wiilw floB^ 
off OD Gitlicr aide, cowanU the poleft, aa|uinn^' a n-e^t^rlv direc- 
tion aa it paseea south of the coaat of Cvuijiea, aud, stnkiug 
the pnimontury of Cape St. Rocjuc, on the South American 
const, it Bjilit ijito two streams; the; sniaDcr one coutiuucs south* 
irard«r lownrd^ Cape lloru i the larger current maintnini^ a north- 
wejitcrl}' Goume into the Gulf of Mcxiro, whtrrc it rMyrivr^ further 
avctftvioiui of hcAt, and ta ^mluolly charted in ita direction ; it 
paanCB along tbo aouthi^m ohorcs of North America, and finalijr 
einer;;«« northMard, in the narrovr eltamiel hc-tvoou the panin- 
aula of Florida nod the Baliama IsJaod;*, where it atwumea the 
uame of Hie Gulf Stream, The temperature of thia current b 
fo:md to ht\ t/ or to' highrr than tljat of thr neighhanriog on^nn. 
The cMirrent ])fiNt<« oiij gradually wiiU-rmug and Ixrtximing Icsa 
marked, till it ia loat ou the we^t^'m shores iS Europe. A kai 
acf!uratdy dcfinwl under-currctit, fron: the |»a1ea, ia connt^uitly 
setting in towanU the ciiuator, to supply the place of the h<^aUt) 
water which take;; the course ahxMuly de«czibcd. Besides rendering 
iniiK>rtaiit aid to tbc navignlor^ the»r* eurrrnta aaciat in mMintaia- 
lug uii erpLilihrinUL of tt*mpf*ratuTe ou the earth, moderating tbf 
aererity of the polar &o»t, and tcmpcriug the sultry beata of tie 
tropica. 
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Radiatwn of Heat, 

(149) A pCTMiii placnl iu brijcht :kiiiiiihtiic, or bc^forv n tiUxtng 
lire, mtiAi pcxcciv« tlidt lu ulOttiou to tTic grmlzial mode of pixtjio-* 
gation frotD pftrticLc to parliolc, heat ia endowed with ihc Dtciilt^ 
of tnivereiiki^ npobcc, and trati a parent nicdui euoli tt» the ahnonphcro. 
HtU truiftmiiwion of heat occurs in rtglit linca^ wltii » v<;]oc^ity 
vquid to tJiut of light it*clf; in fa(*t iu its pro]>n{j:atiou it followB 
tlie ttktnt^ laws k^ ^ght, iiud lilcr aU mdinikt forces it dimiiuAhes id 
i&t^tu^ity IU llie sqtiMTC of th(^ dictnnec frr>m the ftCtive centn?. 

'Hie pivflt FUippljr of lHMlt to th*' r-JirUi frr>m thi^ «iin t« triiti«- 
mittcd hy tlie ]Hrocff«d of radiation. Soine ideii of the amount of 
beat thus received by the earth may be &mied from a roiif-h c^U 
culalton ttndc by Faraday, to the effect that the avcra^ amount 
of beat radiated in a summcr^s day upon f^oeh nere of lajid in 
the Utitudo of London, i« not Ic:^ than tlint nhjdi irould be emitted 
Lq t]ie c«iiubn!<tion of ^ixly cack;» of nonl. 

Heal iu its rarltaut atate does not raine the tempemtnre of the 
media which It traverses; a tube full of ether may be held in the 
Ibctui of a bi^iin;^ inirT>>r without ^^ecomini^ ^eusibly hotter; but 
tlic momciit the idj«aq>tiou of the ray« is cauf^ed ie any nay, as by 
intrudncing a bit of chareoid into tbe Hquidj the ether enters into 
ebulhtion and la din^pat^HJ in va[K>iir 

(TjO) Uefiection of Neat. — i'oh[4ied objects reflect the greater 
put of the heat which &lb lipoQ them ; the retlecteil aii<t ineident 
rays arc always in the Bainc plane, and the angles wliieh ihey luako 
with a pcrpendicuUr to the retleetin^ aurfaee are always e<jua)^ By 
JDCBIIS of eoucavc mirrore, the rays of heat, like those ef Ught, 
may be bronchi to a focuj^^ aiid, Lf nuUkiently intea^e, they will 
i^itc eorubu.'ftihJe itidiMance* [ihu^'d there. The law- of tlic 
leBiCCtkni of heat may he roughly demoiufitnited \jj holding a flat 
ahet^ of tio plato in xuch a ponition before a common iire that the 
light of the fire may ?w reBectcd from ilj the MmButJco of heat will 
be pen»ptibld upou the face the mouieot that the refloctioa of the 
firv La seeu. The same fact laay be ^ihuvn in a still more Bti-iking 
nnannCT hy nieaoH of two 8imilfir eoncHvc paratiohc mirror* 
(6g^ 100, page 200) arrmigeil oppcwit'^ ea^h other^ at the dihiaitei^ 
of ten or twelve feet or more. If a lij^ht<*d e-oiMlh* he plncN-d 
in the foena of da>e of the mim>rs, the ray* will foil u|>oii it* con- 
cave suHaoe, and tlienee be rdlected in parallel litieit to the mjtfaee 
of the second mirror, frem which ihcy irill l>e a jwcoud tiaie 
nJloctcd, and will converge at lU fwiis; & luminous spot being 
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formed upon n pitxts of imp<;r heU in UiU jkmiIjoii. If for Uiid 
IKiplT one of thr liiilln uf a iliirt:rcntiat lIuTiiiuiuctrr ha euWiiutcJ, 
the expansion of the air in tli^tt bulb v-UI alToril rrideuci^ tlutt the 
lio*t tiA wcU aa the liffbt va r^ect^il- That tbe r&Ts take the 
canrsc dcwrnbcil, nnct which is represented in tlic dia^wn, und 
th^t they do not net u}X)u the in»tniTncnt by direct r^dmtioti, ia 
shown by in1crpo«iiig n (rniaU tinplcitc vcreeri Wtwiwn the icoon^ 
mirror And tliit theniionietcr t in this comt the fluid Imnkedimtdy 
b<?cir:mrA ctntionnry ; uhUe if the tetivn be p1aee<l betmen tli4! 
instrument and thf> eandle, no ^nvihle cfl*ect ia pTodoeeil. 

If, iiuti^AcI of n cjiiKlle, » red-het haU h*^ plaeefl in flie foeud of 
the firat mirror, pa|>er may be scorchc(i, and gunjjo^dcp or 
pbosphoms inflamed in the focm of tbc Mcrond. Heat. hovcvcTp 
it omittivl in the form of rays from boibe!«. whrthrr rach bodaet 
be himinous or not, A eanist^T of txiilnif^ wtt<T n»ny he «Tib<rti-^y 
tuted for tbo nindk* or the r<»l-hot ball, and the heat which 1^| 
emilfi, although leaa iutenae, will bo eqTially well coneentrated bf" 
the opposite mirror, 

(tji) Absorption of Heat. — Different mb&tanc«s reflect beat 
unequally, Pctished raetala poaaew the power of reHeetion in the 
higheat degTfie, but even the metaU differ ean«idenibly in ruflectmg 
power. Melloai, from bia expenmeoti, haa concluded that of 
100 rays 

Silver reflects . , . - 9^ 
Bright lead reflects • , . • 60 
GhiM leflecbf 10 



bat or 
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By »cratchiti|c tlie aurfaee nf a lM>dy it n;l1cctii beat irrrgnlarlT, 
in the aainc iray ihbt a abect of nUte pA|>cr fCult«?r« the %ht 
which it reflects f and by c^oating the aurfuce more or leva cutn< 
pictely with lamp-black, tbc amount of hcnt wlueb it reflected irar 
be diminiithcd ^n a degree proportioned to the altemtion of ihe 
aurfaeo. In thin cum*, tJtat portion of the heat which la not 
reflected it abaurlwd. ^Oit-n the ht^t is all reih^cted, tha tem- 
perature of tho liody reniaitm imultered; but wlx^u nbmq>ticB 
takea plnee, the temperature ri^ea in proportion to the qnnntitr 
of heat which ia abaorbed. This diS'ercnee may be exliibitrd hf 
plthcing a ligrbted taper in the foena of onn of the mirront, aai 
etni^loyin^ in the Hceond foeua & diiTercDtial thcrmoscope, ooe 
ball of wtiieh ia fzilt, and the other ball omcrr^ with lamp*bladLJ 
On placinf? the (fiit ball in tlie foeua, searcely any motion of \\b^ 
fluid in the stem is perceived ; bat on rvveniog tfae balk*, altbonfb 
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no more liont fiilU on the ibsCruiaent tbim bcibrc^ tbo liquid 
F^udL; <lo»otiA«Ut m t]iL> tirtt r^ww, the Iifiat is for tlii^ mnst pjut 
reflected ; in ttie oecofid it in Al>«urljcil, mid the tempuratttro cou- 
sequMitly nfle*. 

A «milar tvnJt may be obf^ined by tkkiiiff fwo brifi^lit tin 
plxtre, snil coating one ^uHnoe of one of tlit^Tti irith Ump-bbiick. 
On placing thou in a vertir^I iKmtion, with a hot iron bftU 
iiii4lTiiy between tbcm, the bl&ckciicd surfaro bcinf^ c1in?irtcd to- 
irmnU the wturc of beat, it will be funnel tbat the blAckciKd plate 
beoomai liciitt-tl by ahfoipihu, while the other remains cool : Mm 
iBay be Mh{>wii by catij^irifc ^ c^^rk to ;irlhcvo to the ootcr aturfacc of 
each [ilate, by mean* of a Htllc wat or f^omattim; the ma wiU 
melt upoii the Uackened plate, aiul ibe cork will fall from it, much 
wxmcr than on the bn^bt one. 

The power of icrtcction secim to reside almost cxclusiTriy in 
the »urfiicc of the body, A tilm of gold Iraf, not exceeding 
ww^www uich in tliitkiii^9«, nuKwcrv the purpo«c of a reflector nearly 
m well aa m moM of nolid giild ; %im:e a whtxX of paT)er partially 
giltj if held witliiu a kIloK {l)«taiic« of a was* of red^bot metal^ 
will bceomo scjorchcd, excci>tio^ in tUose i»int8 which are pro- 
ti<ct<xl by the metallic tilm. Tbc abaorbing power of a sitbstojice 
i» imcrwly pfoportioncd to its power of retlectiog hrat; tbc bMC 
reflectory nxv tiie wont abvorbcntJt, and vice versd. Aa ia the caae 
with tight, au it i.i found with rndiiint bent, t^at the ^'rrat<jr the 
m^le of uicidetH» the more cuiuplelc ia the reilectiou* 

(15*) Cb«*KJ?»OBii btivytxrtt Abtitrplion and Hadiaiion, — Tboexp^ 
rimcuta of hc^ixe liave C9tahUttbcd an iiupurtajit eoniiexion between 
ike absorbent aad tlio radisthi)^ powers of the same snbstanoe; 
tLoy arc in all cases diroclly proportioned to cncK otlicr. TIh^ grv^t 
dtreniity at mdiating power poMtCfwcd by diflVrrent substmiceH may 
be exemplifiiid by ihe following expcrimciLta. Let a cubic canister 
of tin pUti! have <uiv uf its Kidt'j^ roveri^l with lamp-hlacV, and a 
aacoud fiidf? with aritiug-fHiper, Itrt u third be seratebcd in rsrinita 
dircctioDs, and let the fourth remain (wlished. On plaong tliti 
cmiitcr, filled with hot water, in the focos of one mirror, and aUier- 
jDOacopc iu the focuA of the otlitr, it will be fuund, on prcdentinif 
each aide in vuccesnon to the mirrur, thiil a differont tcmpcjaturc ia 
indieatcd- The heat radiated will bt found to be ^rcatect from the 
lamp*bl»d[j left» fiom the paper, Htill leas from the scratclied Ace, 
and least of all from the polisted surface. 

Id cooAcqiicacc of tbc oiorc rapid radiation from blackened 
than Irooi polished surbcca of the same metal, a givc3) ^oanti^ 



roftMATioK or i>nr, 

of a hot liquid placed in a black<Tnc<l vm^cI will ftooncr ranch tbo 
temperature of ttto (^iirroTiitdLug air ititui if it bo plmoed ia a vcisel 
with a polinhcd ■iirfflc*'- 

In t\w r>roi)r>Riiral AppHrntinn^ of h<*M, coiutaiit «^ie ia afford^ 
for tl»^ miplo}-iTi<'iit of thiT pf»w(-r* of rtrrtftrtion, radiation, and ab* 
Kirptioi), Tlu- ui(--iit H-n-nn liiid the Dutch oreo, when kcpi bright^ 
are i[LSlanceH of tlie application of the reflection of heal to bokc- 
flcia] purpcAcs, in directing the htat upou the objt-cta bcrtwetfn tl»ein 
and the iire. Tea tuadc in a silver tc-apct, which, ou-iiig to its 
polifihcd surface, long rctaina its high temperature, ii au|«nor 
in flavour to that miulc in hlatrk tarthcnware, wtudi rapidly loses 
iU licnt by nulinlion. PijJiv^ for tlir couvt^yaiRC of Ueim sbouht 
be kq>t bright until tliey rench the a|jartment where the beat i& to 
be dii^tributed, and there the Aurfooe should be bbckotcd, iii order h 
tu favour the process of radiatioiL. | 

(153) Formation <^Vt%c. — The distribution of heat 1>7 ncUatioii 
i« not con^ncJ to bodies highly heated. Ail subntancest, wh&iem^i 
tie their trni|ivrjitun\ are coaMantiy riuliating a certain portion cfflj 
heat, Uie aiiioiuit of which clc})eud» U|>oti their temperatore. If the 
bulb of a thermometer be placed in the focus of a parabolie niimw, ^ 
which is tuTDcd toirards a perfectly cloiuUess sky, m KUeh a dinx- H 
tion that the i^uu s luys shall Dot fall upon the niimjr, ihe LciupD- 
raturc will ^illk nrrcnd d(^cc9> »t nrghl, fivqtietitly luv luudi ab 1 j^ 
or 18°. The tiicrmoiaetcr, like nil othn: ohgecta, in oonfltaiitlj ra- 
diatia^ htut; the mirror euta it uff fruio the rayn ijrocecdjug from 
BUrroundiikg objcctSj aud tlio portion of bpaeu towards vhieh it is 
ppwcnted not rcttuniug thu heat radiated towtLrdit it fWim t3ie in-j 
■tnimcTut, the lenipcrnturc of the thennometer nixrrauiiirily fidU. A.' I 
aimilar experiment \% un^ily mafic with thv conjugate inirfunt. If in 
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the fociwof one mirror, a ca^ filled with ice(c, fig. ioo)boflnpportrd, 
fiiid m the focus of the oi>po*ilc mtrror, tic bulb, b, of the diffisrcJiliil 
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tfacrmOKOpc, which hiw bccii blackened to f&vour rtuLatiot]^ and 
which w stcrcrucd &x>m llic nbliatioa of surrounding object* by u 
Hccond mmU rairror, im nt a, the liquid iriil soon rise in the #tcni 
oonncctc'd vrith Uio bluckeiird bulb, bccnuM the bulb r&diotcv 
lowArdfl tlie ioc, wKi^h oiily piLrtinlly rctumn the rnjn whitrb it 
receiv««; luid the rmdUtiou &oin Burrinuuliiig bodies upon tlio 
t]kenn«cop« being pnrveut«d, itit t^mperatunf fidU. 

Tli^ prinoipLeA of radmtiou were applied by Dr. W&IU to the 
etplauAtion of th« ph&nompiiou of dew. Dew formn mont copiousl/ 
during ft caUn^ deu- night succeeding % hot daj: it is dp|KMited in 
expCMcd nltiatioQH aiid uiion the leaves of plants, and on filamentoua 
objcctc in general. A» »uon :is the vua dips belov theborizon, aud in 
•buly ploccfl cvcQ 1>cfcTro snii9(0i, nidiation froo tbt? earth is no longer 
O0tu[iensati-<1 by llu* *"lar niy-* ; tlie K'luperaturc of tin- Ki»rfuu*e w, 
therefore, «|>eedily n'tbuyil behtu' thutofthcftU'atuniof airini?oiitact 
with it ; thb »tratiiiu beiii^; cliar)*ed with mobiturc, ia [lo loiiifer Me 
to support so niucb vapour in the elasttc fomi, hut deposits it (just 
as w1r-u a iflaM^ of cold spring wiitcT ia bii>ii^ht into a nrtiiu nxiai^ 
it becomes bedewed vitfa moietnrc on its out»idf?j ; njid the force of 
cohesion ftJlectJ' tlic water into tbe jjCJirly drupjithat »t«d the luTlinfe 
and Mpttrkle iu Llio>hkpiii^rhyHof theauu. Oudoudy nights Hlile or 
no dew ia depowted, because tbe masaes of suspended vapour inter- 
cept the rays from the eartJi, and rcturu ibcm to its surface. Over- 
hanging building, or the projecting branches of trees in a similar 
wr, rctom ibc hiial to the olijects bcnciith thiin, and pnneut tbe 
reduGti<Ki of tcttnpcraturc which ii<*c.i<s!>arily prcecilt^ thr dtf|io»iti<ifi 
of dew. On windy ni^dui, the t^quihbnuiu In rapidly rcT^turcd by ibo 
coulact of fmdi aurfaccs of nir witU the radiatiuR cruai of tlic cartJi, 
aiid tittto or uo dew is funucd. Upon iii(.-tallic budicsj nhicli are 
bod radiators^ aiid upon the hard-bcatcu pAth or road, where the 
heat is coaduicted rnpidlv from the »tntta beneath, little or no dew 
ia deposited ; whib? upon tbe branching slirub, tbi: tufted gruBt, aad 
tbe downy Ic&fj abuudBDor <tf ruoiature in oollvetc^dr Uuiae bewg 
prccMcly the objects which dt-rive mont bt-nefit from its prcftcnee. 

In India, near the t^^wnof Iloo^ly, a1x>ut forty miles from C^U 
eatta, tbe primnple of radiation in applied to the arcifieial prodite* 
tbo *>f ice. Flat shallow cxcnvatiotis, from one to two Uxl ibx'i*, 
are loo«4y liucd with rice straw, or some rcimilor bad ccu(bicU>r of 
heal, and upon the siirfacc of thi* Inyrr arc placed HJiallon' pmisof 
porous cflitheniianr, fiUnl witb water to the depth of one or two 
iDchea. Karliation rapidly reiluces tbe tcin[jeratiuo below tbe 
fieeiiug poijit, aiid thin crusta of ice form, which arc removed tut 
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thcyftrcpvodDCcd, ftnitstovrcd avrtijrUi&uitahleioe-lioiuoift until ui|;htp 
•uUcn tlw? ICO in oomM-'v«i in bonta U> Calcutta. \Vuit«r i* the ice- 
tojtkittg flcruKHi — ™., fifom the end of Novetuber to the middl^^^ 
Fcbnun\ ^^^H 

Tht fniidaTiiental IWt. of cfwliiig hv rvlistkn of t1>e iMKtm on i 
vhich dew K forming, 10 rsnily rcnIiccL If a th^rmonKl^ Iw 
laid upon a gr^n pint, on % dear night, it will be fbond to indi- 
CAt£ & tinnpcmtttrc mncT^d <U<^7tx^ Ix-low thut sh^ivn liy s ADCond 
thiimometrr, niuipt'iiiU-d tno fi^t or m*>re from llw i^urfscc* 

(154) Law o/CooHnffSy Radiathn. — ^Tlie n^iidity itf Ui4^ cool* 
injC of auy body by radiation depends U|)on the mceia of its tcm- 
)>eratare orcr citat of the external air. Tlii? liotter the body tlie 
more rapidlT docs it cool ; and w it approac)iC0 tlie tcnii^erftture of 
tlie BIT, the more ilowly dora it low it« ciccm of heat, 

NewtoD anuzncd that the quantity of boat lo«i by a liot bodf^ 
for equal iiitcrrtlii of tiine^ mM proportiotwd to tlic excew of 
temperature alxive that of tbe sntrroiindiug air; no that if ft bodj 
heated to lOO" in an atmospbere at o^, lose [0° moiie niiimte, tlie 
same body heated to jo^ would lose 5" per minnte, the air being 
also at o^. Later cipcrimcat«, hovrcTcr, bare abov^ii that tins 
awtmiption is not rrxwrt^ mTU tor low tcn)]>rnituii;Sj aiid bocoinci 
veiy iiULCciirate at high onw. 

>IM. Dulong aiid Petit b&re ptibbKhe<l a w^rit^ of frxrnrchei 
upon tliti rata of cuuUtii; by rudiuttuD. ^Fhey c?Dipluyi-d a hvUuw 
flpbere of tliin braM, blu^ktuiL-d ju tltc iutertor, and fitrnblitnl vkli 
arroni^emcnte for cxbau»tii)|; it of air. For thic heated budj they ^ 
Qjicd a thcnnomcter with a Iax^ htdb, heated to a detcniunatef 
degree, and auppcyrtcd in th<? centre of the bollow «pbcre. 
They theu placed ttie appftratii& in water whioh w«« naam- 
tained at a ccniitant teiii]ierature, and they obMrrrvd that tlie nCc 
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* A cnrioo* femLntion of ice ui th<*t>otioni offiom^ rapid, clear, amlrDdtj 
itroVU. b oci^AflioiiHlly biff*n uurl<*r (lie luUaoaoe of nidiaiiou, ituhnf the pro- 
valvnoo of hrif^ht fnwty w«At|irr. Tlio nol^^r e<oL* down io 40'' F. a» ibbaL 
but Mow thU point tko colder «ralj.*r uo Lou^r tunaB a proteclioff Layer, u 
id dtili Blietita or gently luuTiiif- iTrmmi; the s^fitaiion produced by tht 

[MUHo^ ftf tht? v«t^ ikrongh iU pmripitoun «tifl irmfFiiUr rhiuin«| nw1cf« lik* 
tiMopenlurc uiufunuthrouitJioai,tiil it arrive* nt the rm-jsinff poiia ; radiatka 
mmnEinir.* prooi^edit through tbo yraUr from tbu wcfnla aad rocky fh^pii^Eill 
ifk ihfi >><^i fiT il\K *'.rt-i\m- Thrjx: hr<>^iiio Tir>ir ilu; r<f>ldc*l p(>int«, and tOth'O 
ihe we uttAt^he* iUolf lii tiil*erT. mulillower-iJiapTd, «|KmfEy ma<ao>, aoauiinM 
ao-'uciuhildnic ia qiiAatity sulliaent t^ dam up tho »unuua, and caoMilEo 
ovrrlliitt ^ ftt ulluTs, »» llie- li:i* it»rrraj>t"-* in biitk •nd truujaa-cjt it- ri»™ ii 
law ItaLn, riiinmf to the Hurface portionv of rook, and evm iron ita^lf; H bl 
iikilrri bcwa prudurriiti^ of icrLotiii tDeonT«aifiuw, by lifli^^ jmd truijitioriir| 

lo A ojittiduntblo JiMum^i- tluT lirtfvy lUttHHi'x nf irv>it wliii'L mtc UH<d to prcrnfl 

IhoremoTalof the buoyN employed tt> indicate thoiiarigBhUcbaaaelBuriTmi. 
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of cooling cUffeml with the nature of tbc ^[afcoua medium cxm- 
tdned in liie ^lobe* If the icmpcniiiirc of cJk splw^rc continued 
t^nstaui nbiUc the ox|xrriiiicnU ucn: nuule in wrnw apoa tbo 
bcDted body, At teupcratarcs Mccnding according to the (crnui of 
&a arithmetic progrcwiow, the mpiditj of cooling incrtnM^ ftccord- 
ing to the tcrmn of n prom^'tric prcgrciwion, flimini^hrd by ft oon- 
Htimt qtiftntity; tKLi confltnnt qunntitv Ixring the bent ra^liattM) back 
upon the CTKiliog; l)odv, from the inner surfept- of the opherft. If tlio 
t«rmp«nkture of the Bpbere wid that of tlie heat«d body tcero Ao/A 
ruined according; te the termi* of an antbmetio&i progrefleiou, to that 
the diffcreiioe between tli^ two wjw always conntftnt, it wn* found 
that the rate of cooling increawd lu the tcmper&tnrc rose, accord* 
ing to the tmnf of & gromrtric jirogreaMnon. 

( 155) lUdiAdcn tnkc« pliicc more freely h racno than in air. It 
Ia ealeiilnted that the volar rnyvt, m travemnx a CfiEninii of air 60CO 
feet hicli, ore dqmvcd of \ their beat in eotLiequeaice of the inijier- 
frct transparency of ibe air. The nhsorprion of heat is, however, 
inHiienoed by an important cau^^, to whic.'^h no aUusion has ret been 
Tnadcp and which vn» first pla^rd in it« true Ught by tlie cspcri- 
acntft of Melloni. 

If a rLinnljcr of WHirce* of heat he empbywl different in kind 
and in iuteoftity, xiich ha th« naketl flanie of au oil lamp, a platinum 
yrirc heated to redneaa in tbe flame of a spirit lamp, a nbeet of 
copper heated to betveen 700^ and 800^ If., in a cnrrent of hented 
^r whicb it) rising from n lamp plaerd })cnt*ath tt, and a copper 
eani»ter fillod with boiling water,— the hnll of a thermoivoopc covered 
with lamp-black may he placed at «iteb a di!<tano6 from ea^ of 
thflse aooroea of beat tliat the liquid shall stand in each case at the 
mna point ; cliM la, tlic temperuturv to which ibe thennoacope is 
tfspowd fthall he equal in each itvfe. Now, if thcw distances be 
notcdj and if the ball of iho themnoscope be corcrrd with a variety 
of other jtiihutonoc* in nuoco^ion, inAtcad of with lamp-block, the 
tbrrmoaoi^pe when exposed to car.b of the difToreiit BourceA of heat 
In vuoonunon, will appoor to receive diifcrent proportionji of beat, 
altboniih pbicvdat the diat&neea at which, when it w«« eoAted wKh 
lamp-bUck, ihi* beat appeared to bo equal. Thoa, mppodietbat tbo 
beat ahnorljed, when the lanip-blflck wn* ti»e*l, in eor-h ewui wero 
equal to IOC: if the tbermoncopc were coated with white levl, it 
waa found that, at the Mme dTntanee from the naked llame aa 
before, it indicated a heat of only S3' oppcftite to Ibe red-hot 
jilaUnum the bent wm ^6, inisteiirl of 100 as with the lamp-black. 
With the copper at 700* V., a hc^ of 89 instead of too waa iodi- 



201 



ADSORPTION or BK&T. 



CBled ; while opposite ibc cntiUlerof Wdir^j: water lli€ tbcrinoMXipc 
9lioir(>d a ht^t of loo, cijnv:(|iui>iliLi|^ rxacUv «itl) Lbc c0bct upon 
it when Ijimji-MArk wjlti um-i1- 

Thfi following table rxhtbit^ some of tbcrctulU which McUoni 
obttuucd by cpeinling in thJa way: — 



T^nvi^hWk .... 

IiinjtlmH 

Indiaa Tnlc ..... 
8h»JIL«« 


1 




lOO 

43 
■4 


too 

54 
9& 
47 
MS 


too 
84 
JO 


lOD 
100 

7* 
>3 



liamp-blAck nn^^*^ ^ ahRoA all the lity* thnt fiJI U|»n it^ 
fruni wltat^ver tiource tliey may tiar^^ ui'i^iiiarc-<l; uiul the nmoont 
abaorbed by metaJho &urtac<», although fimaller, b iiearlj uoiforia, 
wli&ttncr Ijc tho source It bns elIso bcci^ observed, that itie IcM 
intense tbr nourcie of Iwftt, the ^rvruttT is the proportion abeorhcdL 

Fniiikliiij nearly a ceiitury ago, mmtlc Uic obefTTfttion thit 
solar heat i» absorbed with Renter cr ]e:k« facility acconliiif to tlie 
colour of the objcci upou nhidi tlic rays fall, but ihui little or DO 
such (lifTcrcticc exists with the beat of a lamp or of a i^aiidle. He took 
pieces of dotli, eiinilur in to\turc and h&Cj but diftm'Ut ill rolcnir^ 
a»cl placed thciii in tlic MJidight, upr^ii ncwly-fulkii auow, and be 
foLind that ibc »tiow tn^ltcd virdcf the pieces of cloth with grc^Kr 
rapidity the darker tbo ti»t — tlio al>9orptign iKing greatest under 
tbo piece uf Ubick c-loth, tlivii foltu^cd the blur, th<^ the green, 
purple, red, jellovTr and «-hilo pt^CM.'v, in the ordL*r cnunicnUod. 

{iS^) lVan»mi»tion of Heat through Scre&ii4. — Tlie caiUEc of] 
thoc rrmarknbk diSorcTucrit will be l>cflt uadcr^tood bv a conaidvn- ' 
ti<m of till* phcnami-nfi uttfmditijt thr tmui^miftwon of hoat throu^ 
bodt£« which allow it Uj po^ uiu>l):ttrn<ird, tut glaS4 allowv lii^ht to 
paa». Mellooi t^rma tlio^e iMKbcAwlmh tbii.< traavniit heattf«fi/Aer. 
maftoa^^ or rfiff/Atrwic— tliose vihtch do not allow this trauMoittica 
of he^it bcinif teimtd afhcrmaiiQH^ or aiiatherwic. 

Bodies that Jirc traitipareut to li^ht arc by nc meuauA equally 
ao to radiaut he&t. This ariatat from two canae*, which renuireW 
lie carefully distso^ialied frcim each otiier, aiid wliich may be 8q«- 
rat^ly iliustralod by a parailol Rction on the rays of light. A^kn 
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€OMi4uiiinf; pnro water ftbetoriM vcty liltio li^it, uad iraiumibi 
almociC lUl tlmt it dcH.^ u»t n^llrrt; if t lie Dtt4>m|it he ruado tu 
m<n»ui« iu traiu|)avri?iM^y hy tiscvriiximtx^ tho cUtitaiioe nt wUifh U [lUf^O 
jinTkt«<l in tifiiiLU ty|>e u l^bl^ w1ic-u tlie v^juel ofirbter ui inl^rpoftei), 
nrwl ftftcrwarrl*), wlien it '» romov<?d, ili<? diffen>iice in the two cnntv* tft 
knrfll^ iipprrx'iai>lc. If n fi*n' rln>|» of » mixttino of [iidian ink and 
miter be addod, the trannpar^noy will he dimiiii«hcd, ami the cha* 
nH^tcTK will 1w ]i>gi1>lc At a fmnllcr distance ; a furtlicr ailditioti of 
ink will tlimiui««li tlw triinspttrciicy inorrnnd more, until tlif Mtere 
c»n be no loiia:uT di^^rmc^d. The li^Ut tlmt iji traiumitted, how- 
erer, altttoiij^h diminished in quantity, iat of the aamo characK^r as 
the incident lij^ht; aad a priiuiiatic aiialyaift ehowa that both com* 
«i»t of the same coburs in the same proportion : if indigo bo flubsti- 
tuta) Ibr Indian ink, the trgihility of the poffc in diiiui]i«hcd to an 
extent DCurlyc^ual ; btit the* prU»ni ^hows that rurtoiu of iiw rwfn 
bare bccD abwrbcd more complrtcly thftn otherv- Similar cflVcts 
am prodoeed with thp rayj* of heat. 'Hicre are^ however, a number 
of ftnbstances vhich :ire almost perfectly transparent to light — via., 
mmtms Bohds, ^iass, diamond, Iceland spar, ice, and a great uumbcr 
of cryv1aJ«^ ainciigrt hqiiidif, water, spirit of ^nc, ctlwr, tnqientine, 
and a multitude of other lx>dicM ; and anionic iu*riforni bodies, at- 
faospheric air, and the great^^r inim^H^r of gaaeH. For beat, on the 
omtrajy, there is cnly one known MJlid Uhat U perft-'ctLy diatbermlc, 
uul tJuit 'tr^ rock mlU ; eoloarlem f^uace poncVB the property a1««i ill 
a Tcry higb degree ; but no lit^oid hw yd been divcoverftl which a 
{tec from absorptive notion ou the tlMMioic f»y». 

The more important pnrtd of the appamtiui employed by Mel* 
loni in tlMVO rtvearebcn nre reprcAcntc'd in tig. lOI . One of bla 




four prindpal sonrcea of heat— ru., naked flame; ignited platinum. 
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hlftclccflfeod copper, hmtcd to 750^, or copper betttod to aia% 
pUuird kA at u, on n moreAbU Biipporl, bclutwl the iMrfor^t.^ 
■cn^ri) V, the rttju being oonc?futTated, when neoe^mrj, \iy ilu^ «w. 
oBVft mirror, H, and were received at a aoitahle diAUn^^e Atun thk 
u]m» tlie therraoacopeor thrrmo^multipUcr, t.*^ If a double Mftta, 
a, of poUahed copper wcrc i;itirr]>oscJ bcUecu the aounre ofbeat aad 
the thcrtDoscope, the rnyr of h^ttt were cntirdjr mti^rcepted. Ilaviag 
placed the t]icn»(woo;x? nt tnxch a dUULnce wt always to indicate, 
vbcai the coppcx Hrrc^t'im nere reiuoved, a (Hjnj^ttint pvco dcrataoa id 
tempcniUirc, a phite of »ome subataiice, tlie iii^iihcnntuy of irfaiclil 
WAS to l»o a8cert»iiLed, iras tltini introduced at r ; hixd od o4)aenrLiif 
ihedilferenccoflcmpcraUirc, a;* marked by tLc iustruuieht, the pn^ 
portion of hc^t vhieh the plutc tnLtiHniitt4.d nas at UDce ascertained. 
In thifi manner Melloiii pm^ed that phiCcn of ruck »alt of ^rcat 
transparency, rjir^-itig in thickiieaa frouj the t^ of an indi tu 2 or 3 
inches m thicknesa, tran^uitted 91 out of e^erjr 100 rava inctdaac 
upon theiTi, vliAtei'f^r were the source of heat employed ; the loaa of 
' S per cent, bcini; due to a unifonn quantity which ia reflected at 
the two surfaces of the pLute ; rock ^ilt, thrrcfijrc, ia to beat vbat 
pure colonrlrw gtawi in to li^ht. T}k; folluwiuj^ cxperitncut ebon 
Uiv indppriult^iux^ of diAthi?r[u;u:y itud Lmuppiiit^iicy : — If u ca-it-iron 
TmII hvutvd U> about 400^ F. be pUt-cd luidwfty bttvecu the 
Uacketicd bulb» of u thcruioi^opc, C4icb bulb will nrceire aii equJ 
aiTMuul of heat, nnd the liquid wiU remain aCatioumy ; but if a 
plate of rock salt \k intcqi4>»od brtirocii the iron and one of the 
bnlbn, and n gikto of gUuui or cmjuuI tliicknoM l>c plaood bctweo 
the hot hall and die other bulb, it will be fbund that although 
both i>kl** are almost equally tfiinK]>arent to lifibl, yt-t the bidb 
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next the rock 8fdt will rise in temperature much mom rapkUy ihnti 
the one next the glasa. In liquids, the independeitre of t 
rpn<ry and (hnthrrnnw^y Ik Mill mort- !»trikiiig. Thus, oul of 10a 
rays thut fell fruui an arKutuI h^iup, on vttch of four Huids equally^ 
tnuufiareiit — vi£., water, sulphuric acid, ether, and oil of torpeatti 
valcr iranamitled only 1 1, sulphuric acid 17, ether ai, and o«l 
tuq^cniinc 31 ; nbik chloride of 8ulphur, which ia of a reddi 
colour, alloi^x^d 63 of ttte incipient rays to poas. 

The folbwin^ tabk' tncbulefi some of the reifulte obtained by 
Melloui, foraeveral tolid bodies: in tlic^ experinjeut« pUucaof 
ajual ihicknesa wci'e used in cueh ease. 







* Tu IliMe hiquiriM a prratitir nnrl vpvy dpVinilo UiAntioiMtrio appwfiit 
t«Vinod a M«r«a-«ir/£fp/wr (^7)t ws« gcrior«lly employed. 
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tvr 



So:^ Sttlt (UBipid) . . . . 
Sidlijn Sulpliiir (vcUov) . . 

Sock 8«lt (eloudj) .... 

I«bnd Spar (Umi^id) , . . 

FlitoOlM 

QmrU (linDpid} 

QunrU^miokj) 

WhiUTppM 

IWoaUoff (d«rk grmo) , , 

Cttriu Acid 

Almn 



PlMV. 



Itfvl*d 






.'SW 



74 

IS 

II 



I 

34 
IIS 

3 
3 
J 






6 

4 

3 



o 



£4 



tl 



30 

3 

3 

o 

o 



IXnth^rmaqf (^ Lipids contained in Glaxs — itrchtm qf ligmd o'36i 
f ncA- The towcf of heat m each cage wfia an arifond oU tamp, 

BiMlphiir orC&rlKm (c«]<jiirlcflft) 63 , Ethor Jl 

Bkdi]ori3oor$u]pkmr(rvdbro«a) ^3 SuIpLuno Acid kioloorlpfli] , , [7 

TffeUohd^ i>f Phu^hi^nu . . 6t | . ^-. (prownj . . • ■ '7 

XaMAeo of Tujp«^uio . - . - 31 1 Nitric Acul ... ..... 1^ 

Otire Oil f f7*reuu>b) 30 | DivtiUcd wat«r 11 

It Lj uo nurauB iu-ochmu-iI^v fuUimtt i\xaX ^ Imdv wUicti iv trmoa- 
IMftnit to Vi^K lb ilInj ublc to allovr tlio j^utaf^ of beat, uuil vUa 
tvml; «ulph*tc of copi>cr, wliich pcrmitA the pAswigc of blue U|;bi 
oliundaAtlT, vrciit* tkc my« of hcnt entirely. Agiun, the optugus 
bWk (;lnM, tucd for tliC! cniistructioD of polarizing roiirore, tnuia* 
mit* u ooasitkTftble fiortioii of tli« ibvimuc ray*. Smakctl rock 
•alt nod tfWk tuica alvo exliibic tbe sum^ power, 

Mt4^L>iiiioi«l ftirangenieiit ap))ear* to knve m^eu more iudu&itco 
upon diAtliermncy thftn chemioaL coaipoaitinii. (^ocnmoD tahio 
mali » ppHWTtJy aiiinihennic. A eolntioii of rock n&lt is aoarcdy 
flup^or to pure water iii diatbcrmncy, luid a solution of .iltim U 
e(|D«lly diatbenaanouii vritb a solnticin of rock b^Ul Tlii» is 
perfectly coQ^iatent with tJie effect vbick ftlteratioD of sliuclortt 
produces OU tbc artioik of tHxlics on Lif^bt. CoDinioD loaf-4tif^r ia 
opaque and of dazziin^ whitGDC«#, but piirc fiitgnr-candy (the same 
body only in Urgor cr/«tai«] u ook>urles« cmd trjUL9([i«rcDt : the mott 
tnuMpttrent gliuM, hy pulverization^ may be rcduoed to a %'h\*A 
opaque povrder. 

Aj already mentioned, pure cotourlcfis rock aalt ia the only 
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ftolid milttilAnw* tlie difltherniaoy of vhioh ia perfect. All otHer 
br>fU<'ii ti|>ou whicii M. Molloni has m&He cxpcrinicntA, transaiit a 
qoaiility of heat which varies with the nature of the sotircc, &<om 
a Bccoiid eflUM, which hiuf ht^cri termed thnjno-cJiroM, or calorific 
tint, w'hieh i> mittJogoiis to n ditfcrcuec in colour for oljjwi* tnu»- 
p^mit to lirfit i to thi* caibtc njiwt be aitriljtitetl tlie renuurlCAUs 
ditfercitc'iM in the aiDoui\t of ab-ioqjtion US5)t Aceordiug to ihe 
eource from nhich the heat ernaiiat4«. 

(157) Refraction, — Radiant heat, like light, is suA^eptiUe (rf 
itfrnctioii : a hur^ convex Ictu, or a coiica^-c mirror, placMrd in the 
Btm^B rays, not only gives a focm of mtcnse li^ht, but, aa la well* 
kiiowii, (HinstitiitCM a power^ buTDing^aM. Inflammable ohjecta 
are nmly IgTiitod 1>y thlii niean?(, anil thi; focus of heat \% fooDd to 
oorroix>n<l wiUi that of the greatrat light. Further, if a ^lar beam 
he auhjecccd to the action of a pmm of tratiBpareiit rock salt, ml 
t(ke coloured t^pcctnim vo ohtaiiicd lie cxamiDcd by mcwis of a 
small but Hcositirc thermomctL% it l8 found that the rays of beat, 
like tliuKc of Uglit, pOMicm uiiL^iin] dr^nt^cH of rcfriLiigibility ; iKtiocb 
tlie nijH i»f hbut fti'i; tiot all tiiec:uniu]iit<-d in onr »|H>t, bxit are 
diiitribut^^ ovt^r the cutii'i; npcctnini. Tlierc are, in inct, iHUcinicca 
in the mva of h«at corrc«poudinj^ to thottc of colour m thr mys of 
light* The ^^rcatcr jiortjoi) of the my* of solar heat arc evcD Icsa 
refran^hle tl^an ilic red rav», for the maximum of tcmpcnLturo in 
the KiUr ffpectnim is found at a diAtanco hclow th« oitmne ntt 
myn tu ^rnit ok thobrifcbtt*>t yclh>vt It above therm, lit- thr employ- 
mt-iit of (iiflen*iit sources «f \\^\%, *peotr» nn* oljtiurw^ in vhich 
the inteiwity of the light vnriea in diflferent part*, oeeording to Ubft 
prevailing colour of the limiiuoiiFi ravK, — i\\<' yellow lis:Ht nf ct>mmoti 
salt giving a spectrum most inlenac ii^ tht' yellow laye, and the red 
light of nitrate of strontia giving a spectrum in which tlie red raya 
posactt tlw ^(*ate*t intercity. In the same mnnocr. by raryiiia: 
tlie sottroe of lieat which i^ einpUiy«Hl, the i>o^itioo of maximum 
temperature in the refracted beam ia found to vary: the leaa 
iDtense the source of hcat> the smaller is the refran^'ibility of the 
heat rDdiatcd. The Hamc of a naked lamp, for e\auiple, emita 
rays of heat of all tli^grccs of rclrangibility, it» maximum of 
intensity Vniig alx>ut the mid<Ue of tlie iipcctrum \ from tl>e 
i^iitcd platinum, the maa[imum licat falU nc-arer to the rrd i 
from copjjcr at 7J0" ncaro' Btill; and tlie heat radiated from a 
smfaee at 211'' contains scarcely djiv of the more refraophle r»y». 
Now it lit obvious, that a mixed pcncril of heat, irliich falU ujiou a 
diathcrmanoufl medium^ wbieh absorbs certain of the rays of bc^ 
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Aiul not nth^m, wiQ he Altered in a mumer aimilar to thst irlucb 
A my nf light PXpcrieiLce^ in traveriaii^ a colouird |fJ:LH^ 

With ft ktiottlcnflge of tkeAe fad* tliLTt* in no ditlit^iltv m 
undrrfiundin^ hovr it ie that the sun'ft mys rum timvcTiUT n plnre of 
fflnss imd expmcnco b\tt little abA0r|>tLOTi. and f^ti Ix* lirimght tna 
p&inl l*y n <!otivcK k-iin, or liv a ^\aA& coiicravc uiimir, ritlxi'r cif whurh 
rectuim cool vrhUi: intcrwc licitt 14 developed atita focus; uhcrvM, 
if tU* *nDi^* Inu or concnvc mirror he held opposite to a comiiwn 
life, u hri^Iit %\)oi of Vvjht will he ohtJiiiK'd at the focus, biu little 
or D(i heat; nhiUt the icIhm* of vliich the lcii» or mirror ia eom- 
poaed Hill become i»troii|L:ly healeil, T\iti nyn vliieb glas* trammita 
moat reaiLly arc ihoN^ vrhidi alKiuiid in mAu h^hc, hut these arc 
prcci^iy llie raya which are Icaat ahundatit iii iiicuidevctttit bodies. 
Admit;i^e has lon^ been tmken of this fact by Utose who have oeea* 
mon to ius|)ect ^bc progrea of opcratiDm carried on in fiiniflt-eR ; 
tliey aie able by the nee of a fjlnss screen to protect the fac^ fVom 
the snorehiiifE rays which the glass atjsorbs, although it oEle» no 
impediment to the tniiiJ<niii>i«ioi] of hglit. 

This absurpttoti of radiant beat by p^laj^ ia easily dcmonatrated 
by plaeiii*; a eauister of hiit vatiT m the fuc\L« of one of ihceon- 
jcgaic miiTont (fig, too) and ;i iherrno*cfii)e in the foeTi* of the 
other: the air in the acting ball ef thia instrument cenwst U.i dilate 
the tii«taut that a ^'Isk^ aerecii in iuler^ioned anywiierc betntrea the 
ttto mirrors : the ^daKi aljm^rlja the niyfi, aud hei'uiueci heaLt;d itiiul/. 
(158) /*roArtA/c /niff'pi^/nftrnce rjf Li^hl and Heat, — A eoiisidera- 
tion of thi* pnxvditi^ tu^^t^ lod M. TtlcUoiii to ibe diteovory that by a 
cpntbitialiitn of Acrrrwtia vrbich allow li|^bt of a glveu colour tx> 
pftM, ndintit Iimt may be entirely ajTej»tcd ; ftud thus a nepara. 
tion of th«; two foirea tnay be effoetod. By trtLiu^mittiujf the 
aKtIar ray*, finrt tliroapL a glawi vowel filled n-ith wnter, vbicb 
tomtits the Icaa refran^ble rays and thrn tlircnigh a pinte of a 
|>e<*iiUnr f^reco glaaa tinged by tnoaiis of o\ide of <^per, vbich 
atop* tkG more refrangible rayis a grei^i>h benin wiu ohtaiiied, 
vhich vaa ooar^ntraied liy \ert*i-f, anrl fanit^hi'd A frreenii^h light 
of great intfflisity, bnt yet pnnluoeii no heatlnif artioL, when 
it wafl allowed to hl\ n|ion the thee cif a delicate tbernaoaeKijte. A 
aimjlar aio|iaration of Ueht inid hc^t is cflccteil in imtui'e, in the 
light reflected by the laoou. McUoni concentrated the raya of 
tlie moon by mcaiu of an excellent leti* of forty inches in dia* 
meter, and ohtained a hnlliaiil foeu^ of light of o"4 iiieU in dia- 
meter ; up>» direrlin;j this focus of light upon the face of n very 
BcnaitiTe thcnno-niultiptier, only aii o^trcmcly foehle indication 
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of hf'At was obuiikcft.* — (Melloui, nermochrc^e, Purt L no 

Hie forcffoinp olftcivatioiis thov that in tlic ana^ra of radiant 
beat, priMniB and Itrnac* of glau «h(iuJd not be tucd^ hih'c tbry 
leiul to results ils int^oircct fts tlio»c whicb would be funjidjcd bj 
«tti(lyin^ the pbcitoiDciin of ligla by nieuu of coloured pri»cuiAiul 
kniea. Rock salt ftimtHbc^ Uic only ktiuwii inal«rial of whiclt Kuch 
tppomtux cnn pn^|>crly lie co»Htnict<:d> axul hv iu meiuia, mysi I^ro^ 
ceediii^ ^en from tlie hiiiuftu body tuajr r«adUy be concenUnU^H 
and maite to art u\xia a tlLenno«oo|jo. 'ihe%e rceearohes of Mcllon^^ 
explain the cauae of tbe contj'adictory resulta obMiaed in the 
earlier exjH-rinienta on the refraction of bcaU 

In all expcnmeuis on radiated licut it has bcm obw^rred tJiat heat 
when once absorbed^ wbatcvcr may have bccii it« oiij^iiiLl source, acta 
in the same mauncr m producing cxpaiuion; and wlitrti radiMtcd agaiii 
H docs not retain tbc pccidiKntics of tbc wurcc from nbicb it ori^ 
%at^: tbc R^fraugibility of the ro-mdiatc^l beat depciu]» «oki^- opon 
tl»c tcinpcT4iturc of the nirfacc tbat cmitA it a M;cond time; no that 
k It* immAtcnnl wLcthrr It ircrc ori^iiAllv drri^-til from tlic ftiui, firom 
a lamp Hnmo, frttm i^itod platiDum, or frum iioii-lutniaous IjodJcv; 
although it U well kuovm that tlic rtirmif^liiltty d4xvieBM0 «>itb 
the t4.'nii>4>rutora of tbo aourcc fn>m nliicb it in donTcd. Hiiit 
alteration in the rt.'frai lability of rudiiuit ht.-at com^ijoitrln with tJitf 
divcOTpry made by 3dr Stoka« of a ajmilarde gradatioo of rrfruigi* 
hility ill light (104). Ile^t of low rofraii|^|biJify may, however^ bp 
converted into that of higher refrautfihihty ■ lor examflc, a jet of 
mixed oxygen and hydrogen gases furuiflhcs a heat nearly v inteiuw 
HA any wliich art eaii command* yet it docs not emit raVF whicl] 
have die power of Iruvcrsiug gia» in any comsidcrublo tjuaiittiv 
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• It omEht, l»owuy4*r, to Iw niafp*!, tJmt inflnoiu^<'d hy ih^iircticaJ eovurU^ra* 

lion*, Airlbi ' ' ' ' 

inairLtiunixl, 



rlbmi. in f ^»i>tBiit ri>Ti to tKr«^ cit[K'rrin«nt« md to Lit VAftUr oip<nialt«, 

iM, dnricK tlic Inttrr yvta% <if hti life, tit* id«niitv of tbe umi UuU 
producfR lijtiU oikd hi'ftt. Tra<icii of heat, li*> sajft, art' fouj^d tn ei-fTvi'^'"""'"* 
ray I h<*Buppo«M tJiac l)ip mvi* of hcnt nuty he int-uiililp Jiut aa I'l 

ray* bc>3roncrihe violfl And ortbo fpwtrum are iavitilA*. t^vau^iriLL . 
Oftbe re^tina \b not njsoeptiblr of uiiduiaiiiiui, ikt- rmjijccKry i>f irliicii 
OP Allht ihort of a cprtaiD onioiint. No doubt tWrp ^i(laU aa Avcmn'- 1 

tha powet fif the rotina to r«ceiro lumiuoua impreuiont from «oJar : 



th« boundary bvtwiyu liiebt mid djuknt^M hoiog dti)0«t iinpcrc>-f 
ociTtaiu itidJFidujJj the rotiuft ift inBciiniUlc io llur i-iiri'tut* raj^«t Un- t^ 
of lie i|>?ctnmi. wliicli ore plainly dini-enjcd hy oilwrt^ A [kamtl< 






Oonint in tbe audibihtr of aautLdfi^ "in vomo individanlfl the f*r'a oisablf l4 

Mrtain numW ivr iccoqJ. though lurb tcifinda trr* plvnly aadf1>1»i I0 1' 
tnajcrity of ]>cF«on«. 
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eren tJiough a lena Iw ^^mj^loyrsl for tiirir ronrmtrAtum. Upon 
IDtroducin^ a rjliiidrr of lim«* into l)it^ j(<t of titiriung gA«>a, thcugh 
tlie juiioiuil of li4*(it \% not Uiuit iii4^ntsuuH:t, tlic Ji^it licc^mrA too 
briglit for th« uuiimt^viefl eye to etkdure, fiiul the dicmiic mjrs 
acquire the |iro|Krrt>' of trftversiu^ ;;UAa, tut is sbowu by thinr action 
upon a thermometer die bull> of widcli is plaoed iu the foctui of 
the Iciis. 

Usy) ^y tl^ emp1o_\-ment of toumuilincs, and by truismi*- 
non through bundles of luica placed at suitable obUquitiea to the 
tndclcDt nvf, it has licca further ehown that riuU4tit licat ia aUo 
mioeptibli^ of polArizatioti ; Mncc the ruys arc traiiamitted and 
reftectccl nlu^niatt^Iy, lurcordiug lut the re^krttng pljine^ of tbc mica 
bniidlefli coincidCj or ciit ^ch other ut right aiiglc!^ : Knoblauch 
{Poffgendnrf^ AnnaL \xx\y\ 9) boK lAm vKxvx\i\\ obutiiutl dtstitirt 
evideQce of the ditTritctioti and iiiterfcTenei^ of tlie tuys of lic^at. 
Tbc ikanJIelUui in the rnechanieal pro^rerti&t of riuLiaut J»cac and 
of light ia tJiu4 ahowii to lie con^plele. 



^ III. — HtAT Of Composition, 

(160) Sf^rdjic tf€i*t.—U baa heen alrea<ly stated (laj) tliat tlic 
tccipcruiitn? uf a )m\y lObrd-H i»o indication of ihe aetnal quantity of 
lH%t which flucli A bijdv <-ontab». The thei-mt>iucti!r tluoi not e^eu 
gh'c the j)nji|Htrti<Auite sniaiuiL uf iHiit vthk'h eq;ud btilka vT ttm Muue 
«ub&tftuci- euutaiii, if ihey hf. uomptn^ nt diflrrrut t4:iu[rcrature». it 
tnay, Uoveierr W nuwU' U) furuiob an catiiiiatc of the rcJalive quan- 
tilicft of heat cusitaluni lu two ililTcrcut ioa«sc», cither of tbc luiuc 
mbvtanoe or of dilfcrtut sulintuncc^. The mode in wlucb thi« i« 
fiffectod ire proceed now ta ilLufitrato- 

Equal biJkfl of didcrcnt kin<U of matter, at the umo tempe- 
raturCt contain rcry different qiianliti^H of hc^t. AVhc-ji equal 
vohnneA of water, or of oil^ or of any liqnid, ttt different ti-mpcru- 
turrji, anf mitcd with diM prpcautiitns tbry yield a mu^ the tvtii- 
peratnrr ofuliich in exnetly the na-aa nf tito I110, Thus, a pint 
of water at 40'^ F., aildul to a pint of water at too*^ F,. gi\e« 
2 i>niLa nf water at 70^. Hut if two difraimiiar liquids T;e 
uanl, thfi rvttdt is tii^rrent, A jiut of water At 40^ muL-tl 
trith a |»iit of nterxrnry at 100^, giTOfi a mixture the t4*ni- 
pLTature of nhielL ia only 60^; but a pint of mcrcuiy at 4l° 
miicd with a pint of water at loo''^ gi^x*< a niiAture hnwn^ 
a temperature of Sio\ Mcix^ury U thcrcAiru miti to have leas 
Cfi|»C)^ for heat than water. It requires a ^nailer amount of 
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yoiwa or MBA«iTiinro vpvcific beat. 
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li#»t tomi«e it % f(iven minilMT of dpgrpra in tprnperalnre tlian ta 
lYViiKiT'il to protiiu!^^ aa cqiml elpTAtloii of tcmjicitature iii t)i«* f^ame 
nH^asure of water- If equal wingUi* of tlic t^ o bodies be employed 
iiiftteftd of equal rolumt'S, the diffci-rnoc is etill moT^ ^triking^ 
A pound of tucTcun* rtt 40"". it^tftti'd with a potind (^ wat^r at 
i^'S'^, pivCT atnisitiirc tltu tcni|KTtttiirv oi wtjcli im s= i^^i*"^- The , 
watti* lo«K» 3'"7, wliik" tlic mcKrua- pain* 1 1 a**"^. The quantrtr o^^| 
li«it which would Iw m|iiipe<J to nii!*e wiy imb«Unc« 1° P. in^^ 
tvin|X:nitiire oomjinrvi] with the fjtuuitity of hext rt^qiiin^il to nuac 
an <^^»al weight of water i', is called its fiprctfic hfot ; tli<^r<'forc, 
taking the «:pccific heat of water as 1, tliat of mercury will 
0'033:-Biiire ill*'^ : g**-? : = I . t {=0033). 

The specific heat of liquid* mar be detcnuined by the ]HfOOea» 
mixture just dcwribL'd, If th** body \n in iho solid form, I 
speeitic heat may be asccrtAincrrl by hcutiiig equal weighta of the 
ihHmnit Kohds which arc to be eotiiparc4l, to the ennie de^^n^e, then 
ininicT^ijig ejueh in jlti equal bulk of natirr and obscninf; the 
nlei-ation of u-nqn-nititn^ pnKliicoil in tiurli cii«(\ Ex|KTiinctiCB ooii- 
<iiictcd iu thiR uuutiii^r, alu.tv/ tliat ^reat diflVrenem in specific bcMlB 
eiiiit. RoKvaixrlieti of thi^ ualuir an- iicHn'Mtorily iittnidcd wHb 
preail dUBculty, uutug Ui Hm v»ritrly v£ M>urci,» of rrrur, and the 
iiutubt-T of pivcautJuiiB n:C|uired in unler to caisun; Kocurnc^r* 
Fidl |>arti<.-idara upou thetw puiutA are given iu the |n[icr» of 
Oulon^ ftiul Petit aiid of Kcf^iuult ujiod thia mibjcct in the 
AttnatcM rfe Chimie. 

iVnother niod« of aAccrt^iinjir diffcrcttcca iu specific heat 1* 
fmvided ou the diffcrtmt rated of ooolinj* eihlhitod bv equal tnnjoca 
of diHHmilar cr>m|>o^iti(kn, tho^e which liavo the greatoot spcrvftc 
heat cooling ntoKt h1o«U\ Snppoie the different bodiet to be 
COtnpnn>H have all biien heated I0 ^12', placed in itiQ «anie ve«wJ, 
Aiifl allowcfl to piMil i!owii 50", imder eiaetly similar 4?irc-mii- 
HtaiiecK; hy noting tie time occupied by each in ooobng tlirougl 
tUia inlcrrub wd by ('Diiipflriii(f thi» with the time required by 
«|U&1 weijf ht of water to cfK>l :hnjut:h the i«ainc thermometric iu 
val, a series of niniihers voidd Ik* obtaiiu<tl u hich would ix^pre^eui 
proximatirelr the specific licais of the IkkIicn in question % making 
the lime occupied by waterincofJiiig, the unit of romparisoti, or 1. 

Laroi^ier and Laplace dctcrmiacd the jtjjccific brats of a 
firiety of eubstanccf^, by aeocitaiiiiiiK the quantity of ice vhidi 
equal weightH of the differcjil bodies were able lo melt in Ritlin^ 
fioui the teniperatiirc of 2U* to that of 3a^ Tliis |ux>cei» ta ct 
cellent iu principle, biit in practice the d^culde« irhich attend t 
rrvider the resulta iiuiccuratc. 
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The fi>11<vwiHe table pirM & few of tbe Utort rcutulU of 
dlgliADlt ii|>n» flpccilic licat (^rijt, ^? C'/tiiMiff LL 7^j p. 64), 
■bt*ii>P(l l>7 tlio prooci« of iTkixliire or imiuerHioii. 

I Spmjie Htait ef Bqml WaghU beiwem ^2 awrf iti', 

^^- Water I'occo 

^^M Oil of TurpcDtiDC ^'4^59 

^^H Cliarconl o'24it 

^^B GUm ... o't9;6 

^^H Araenic C0814 

^^H Cnilmiuci 0*0^67 

^^1 Palladium 0*0591 

^^P Mcnmry <^'Oi^3 

P Gold 0*0304 

Any drciimstanec which alters the rtbtivc distauce* lx^twce^l 
ikus |uirtk:lc9 of vrluch a body u composed^ &£ tht; same tunc alters iw 
s|iccific hiat. Afccliaiiicid comj>iVMiou suflicitnit tu produce a i>cr* 
numt-ut alurraitioii la dni»ity i» atu-iuk-^l by n oorrt-wixniding ilcx-n-ase 
ill 0^X'ifi«? bctit. A piece of sofl, ■nM aitixcidcd <:opi>cj', gave M. 
Bcf^uaulc ft a»peci1ic bc^t of from 009301 lo 009455 ' ^^ B&nc 
cxfpjver, af^r haninicriii^, bm! a ^pi^ific beat »f frotn o'Ot/^d to 
o'0933 i uu bdn^ oguiu tliuruugldy atincale<l, *o aa to rccorix ita 
foniHrr Uauity, il<& b^wcifiu bent wiut from 009493 to o 09479, or 
ftlinoAt e:taoUj tlio Muue aa at iirat. To tbU diumutiou of npccitio 
bc4t by oompreesiou may be |)«u-tmlly due tUe honling of cold 
0Qcta)1ic bara obticrv«d duriii;; the oiwration of roUiug. llicy 
bciconir* d<?nE<>r, and (vjiiwqiienlly bave W^ capacity for bcflt. 

In like manner tbc niutdeii eompreMiion of aeritbnii tKxlicw ii« 
attendnl witb the evolution of a very lai^ amount of bmt, vihU^b 
may c\'ui iw bigb enou-b lo ig^iite tinder and otlicr bitlAininiible 
nib«Ciince>. 0» nirefyiiig air the opposite efft-ct;? result. One 
evidence of the bet i» aflordut hy the nmt wbicli forms nithlii a 
iclaaa receiver wliile it is uiulcr^iiMi; c^baiL-^lion. Oit 1ir«t working 
tbe piAtouA cf lb« atr-put»p, th« )«iKldeii npanaiDn di^htT^ tbe 
moUtnre nhicb all air contains, of |«irl of the heat neccswry for ii* 
cxisteucc iu the ^iL^eoii^ fonu, axA it co]iden»c« in minute dropa, 
vbieli *^KMHlily cva[rorate again as the c<juilibnuni of teni|ierature 
ie rc«ton:d. If comprcasod air bo allowed RiKlileiily to €X|>ai4d, by 
escaping iiito the atinospherr, a hinitlar pbinoinenon b produecd ; 
a deniimd for tlie luat wbieb the air bad lost in ovropreMiun 
snddeidy taxmm, and moisture is dcpiMitod ax before 

Tbcte &CU irill cnaldc u« to uiidefHtaaid t1i« general distribution 
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of tcinpentnre In ftnr Tttiicftl column of the iitinoi>|ihrrc of out 
gM>e. StippoBC the »lrao»|>licre, witJioul bring nltcrod In wright^ 
or <]uuiitilv, to be irodnccd to a »trattmi of uniform iWiitj 
tlirotf|;Lout, TFitU n tinifonn t<Tmi>crfttiirc of 8o^j it would <>xtciid 
to ft hci^'lit nf nlxitit sR^ooo tcvt. Xov if t1ii> oir, throngl»out 
tte n>tirc thicknCM of tlu' ittrnttim, muMnilr UaiV tltt^ 04ljiuKtQient^ 
dtio to \bL cOnftticitjr — oving to tlur &Ui?niiofi in tlie <«pucity 
hi^t rtf tho tUUt<'*i nir, tli*^ tcmperftUirfl wfnild ril! in i^vwy IibHt^ 
of the robimn, <-xrj-pt iit iu bate, where it nould i^juuii ntaiiouary; 
At i5,oco feet it vroiild be about 32^, and nt 30,000 feet it would 
be about — 30" V. Oy^hi^ to tlie caii&e jufct cxpiajiied,apro;;rcssiro 
diminution of the tcmperatuic is eipcricnccdj «a the altitude of 
the obsencr above the surfncc of the c^irth iunxtuH?*; luid tbiadc- 
prr»3ioii of temperature k aiieli, that cvm in tropical cUmatcs, the 
sumtnitfi of lofty mountains arc ttlwaj-s crowued with mem* ThQ 11 
limit of perpetual snow griulimlly deseembi (niibject, however, tC^H 
hregolariti^^, fi^otn local caxLneA) towanl^ the level of the »ea, acoord- 1 
ing as tlie place of ohsenation approaehee towards eitlier pole. A, 
blaat of eold air, therefoiv, in descending from a loftr height irotdd 
have its temperature elevated intTiout fuiy supply of heat from 
cxtranrotu soorece by the mere condeus&tioEi which it eipericneea 
a« it Ajipronehefl the surfaee of the glolic; and the dangcT arising from 
itfl dutlui^ iiilTueiice^ would be tbu?i dimply and effectually arci^d. 
ObservntioiLH have *howii that the nverngc deprowioa of Uniperaturc 
in aseeitdln^ fVotn the sea level ainouuta to j * F- for every 300 fcct ; 
and chir fidlu^vin^ utble lei pvtrii by Daidell {MftrerotOffy, vol. t. 
p. 4i} a^ an u.p[ii-o\iu]ative estimate of the diHtributiou of liemt in 
the atoiOHpberc dut^ tn thia eauM', tiuppo»in];, an Lndinitcd in tlie 
*ecoTid column, tliat tUc iuitiol temperature of 80* F., i» timt of tlie 
Mirfacc of the earth near tbe i^[untor, find that iltc tiulial tempera- 
ture of 0° P. indicated in tbe third column Is that towarda the polev. 

I>&Ct'taa€ 0/ Temperahtrt in the Aftaosph^e from Elfvatiou. 



AUitu4«lDb«l. 


Tnjpvrslui*. Tnificnlwa. 1 



5000 
10000 

>0000 


So'-' 

644 
484 

314 
ia'8 

— 30-7 


0" 

-.s-s 

-B&-8 

-Si-i 

— 140-3 



A» tbe dponMoQ of bodicw by heat increaaca in an iuereasia; 
FfiCio for equal incrtmentt of heat, a« the temperaturo risCB, bo sbo 
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iLi the ■[MUX brtwcim tlw particlt^ of Ixxliu:* conUtiuuji to mcrcnse 
witli Uic tenipcmiun% tlw ftiuuimt of tlie apccifi<: lu«t jcruliiolly 
tncreattCA » Uic Ixxlr bec^omeft Iiott^^r. A few uf the rt-!tuil» 
obcaiued by expcrimeiiLa oii thid aubject l>y PuIodj; nud Petit &re 
given ill the aouexccl table. 

7?i«' qf Specific Heat with RUe of Tanperafure, 



Mrivary 
i'Uiiuum 

Zmo . .. 

Clipper . 

I wo • , 

OJm, . 



From U" to 


From |J*l<i 


>ia> V. 


JJi'F- 


oro^ap 


o'03sa 


0OX15 


«»<»355 


O'o:,o7 


oVjii 


oo,r.7 


oo>a7 


0^ 101^ 


0074>i 


iOi3 

i3j8 


0-1770 


0*1900 



(161) A hodj in the liquid state lias s higher ^peintic beat 
tliaii lliG doiDG &ul)6tance vrheD it it in the solid form. Tbi^ i^ re- 
inarkably ahoim iu tbc caw of wat^r, in wkicli the specific beat b 
dnublc th&i of ice. ContriLHtinj^ to;{cthcr tUc spccitlc licat^, as 
obtaiucd for ibc foUuniug KrHd», by iUgitault, with tbc uumbcrs 
obtatnal bv rt*riR>ii, (.-Inn, fie C/iimit, HL xxi. zi;^^) titr tbc Mtnc 
boitics w)i<:ti bi|iidml, Uii; wiiuiiut uf tliiti dlHcrciux: will be kvu 
to be liable to gn:at voruitioii : — 

^ficc^fi*^ Hcot ^ themoLt SuMitmc^H, both in the Solid and in th£ 

Li^id State. 







UfdAi 






Nitrwti^ «f Sod* > 
Nitnito ufPoUuh , 
SjtilpLur .... 

P^o«jiboni» . i 

Tm 

JSlflDHUi . > « « 


bebr««ii 31^ ftud — si* 

o*T**» 
J^lS; 

(between 45^an(l —6*) 
00314 


I'OOOO 

0-4130 

o'J340 

0JO4S 
00637 
094OJ 
0^3^ 


7 AH Arid «o6 
663 aud HiR 
148 acid 39S 

i»ftndsiJ 

464 jind 644 

644 wjd 8^4 

I36cad7iti 



Of all 9olidff and li(iui4U water ia tbat wliicli poaaesdes tha 
largeid amount of «pectfic beat. This drcuuutaooe contributes in 
no flwall «kgTt« towards moderating tlic ni^idily or trauaitioDs from 
heat to oold, or liuni a^d to beat, owit^ to tbc lai^ quantity of 
beat wliicti the occul absorbs ur emits iu acoouuxuxtatiag itacif to 
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tlUPPEAmAKCB OJ BKJkT DVftLlSQ t-IQCBFJlCTJC 



uiunfKses tift 



t]i£ variations of citm-' v—t ''- — 

BiliUiiy to rluin};efl of tiunpcmiliirc mul 

Tlir (IctcTnuDAtioii of the fl|i«v]ltc IicuIb of paa» 
with au mnnr difliciiltirv that, nJihotigli rcMaanrlttv au 
luvc Ixx^n cozhducii^ br num/ pUiloeH>phcni dintj: 

the Bulijtict iLTO nH)«t (lifioontAut aikI ttUAAhufsc-lorY, 

An iin|iortant relation bctircct» the vpcciAo 
ol^^TOCntiuy bw)/ ftiid iu HMMnicfll rqtiivalc^ut, or llie 
vtiirh it ^-ntcTH inln romlunation with a fixtnl qtuintity 
hftA lirrn imiiitrvl oiiL bjr DulAiiit itnd IVtit^ front whl 
lliat ifthf! sip^^fii- b(^ of a U^eJr in the nolid i«tat4! i. 
itiUi IlkC du*muul iv)mv4tiTiit of t\tc uuno ImmIv, it (^1 
vliicb [Allowiu;! for eiTora of cxperiuteult coincide td 
with tbo iirmluiH nlitaincd l]>' luultiplyini^ ttit(rttii7r 
hrat amX the etttiiTalunt of aiir other clenirniary s^tilw 
ftubject, bowuvcr, w^ill he nwrv aJTUitAKCou^ly ejuuiii. 



wi 



Latent ileaU 

(162) DUaj^omnce (^ Htat durutjfU^utfartion. — Wl 
puwDs from tbc uAid into the liquid Kintc, or from thi- li^^ 
tbc Arnfonn Hlnto, bc«t in lor^ i)ujuiti!y [li"U|ijK'nr- 
thetimo to alfect the tbeniK»nwtvr ; h<nice, t)ii«Diii 
lA eftlJeil /fi/^/ Am/. I'W «-xnni[>L<', vheu n luni|t ol' ic^ 
brought iato a mrm room, it ^raduaJly tliavts ami i^ 
into water ; btit ooither tbe 14^ nor the water hi corn 
rise* in temperature. So lon^ as any portion of the tc 
UiiiReltcit, tlic mkXer contiuuca to itrUicatt tlic l«m|«enilt 
«H docn oUo the roc, Agnin^ 11 pound of vntor at 3 1 
yriih a |w>i:ufl ofwaterat ji*^n-!>liio |ntin(l«fif >i~nt4?r nc t : 
\i iLe mvnn l<rtii{H.^iitun: ; but u jm^uojI uf ht nt 31°, fuj 
A ponoj uf vater at a 1 1°, ^Tva tvu |KiujnU of watur, tlT 1 
hsnpcratiax ia only 5 1 *, 

In thJN otAr the water boa lott i5i^, wlulst Ujc ion 
only 19°; ao tliaC 141^ bare diiuipprarciLj or hftve 
Tlitw, in <fn1«r xo convert a |k>iiii»] of iee at _ia' into wot 
hmit HiifHriL-iil U> miw^ 142 IK of waU-r from 31" to 53^ 
Waler, tlientforv, maj- be ivgar<!<*cl aa ira in coniltWiHtioi 
OerUin qwantily of htat, Tbw brat, hitwTt-r. 
W-ttkJutf- of water bo 
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Scgnvfi Mow the freezing poiut, it vill be firand ihat the tem- 
p^mturr* cf tW li^jtiiii ntiikf^ regularly unlil it i««clira '^i'^, vrbeii it 
b6cutn<» Ftalionarr, tmt\ tree^iug iiDgius; the Ik4*at Wing ^iiipptiod 
ftoiD ttiiit which is latciit in the water. Afl soon as the whole luu 
become solid, the thcrmomctcT a^n shows thnt the tei»[H-nitiiTO 
of the mAM diikjt, until ut hmglh it Reaches thut of the ^Lirmunilitig 
ftir. Some idea of the quantity of hcuC thi(ti» Inquired to Ciitivcrt ice 
into water, without nny nppuri^nl riw in tcm[M>ratnr(", nuiy Iw formed 
fiom the fiuH tliat Llic tiimjik i^onvcrMon of » culie fif ice throe feet 
in tlie &ide inU> water at ^^2'^, vould absorb tlie whole heat 
emitted dnriikg llie combustion of a bnshel of cuaL (Faradav,) 

This large aniouut of heat latent in natcr^ which t& piven 
krtik » it frccxcs, fiimii^hi^s a source of heat of the iprentt'^t valite 
in mitigntiii^ the severity of any viidilun setting in of fro«E, 
as the very act of freciiiig iiKHlerati-s the efliTt of the deprcvsion 
of temperatiire on stirroaiKling object*, and renders the tmnHitioii 
fiom heat to eohl, uikd of course tlie eouvenie fivim cold to liest, 
more graduul and laiiform, Amitlier very iniportaat puqiote la 
Rttaiucd hy thb gradual lifiudJaction of ice: but for this eon- 
trivKQce the ice that had acrunudaled diuing a long winttT would 
at the first breeze t>om the south bo insULody couTrru.*d iuto 
viitrr, &nd sweep before it, not merely the Ita1>itation« of innii aiul 
their tenants, hut trets, rocks^ uud billn. Such fcjirfn) eiLtiLsln.>pTic« 
do now ftnd then oceui', wLcn ai rolccino r^uch w* Etna poiim forth m 
strram of hiia oi'cr it* NiowK^lntt Aidt:^ ; the flixxl tlk&t then 
4nivuo9i lA even more destructive than the fiery torrent itself. 
^0 latent l>cat of water b greater tliaii tlmt of any other body, 
but In all ra»OA of li<[tirfticti<m tli<;n! in a itituilar diifappear&ueo of 
heat; the* cjuautity which hecoincii lateiit vnrjiug with the nature 
of the Hulutuiicc 

Po«()ti (jinrt^ dr fAiMoV ei dt^ ^ft^»-, ITL ixi- 395, and siiv. a6;) 
has dct^rmioeil tin* latfut ht^fit nlworlw-d dtiriu^ iht* fitsion of a 
confudcrahle number of bo<lieA, and he eonebidcs that the latent 
heat of fiuion i* ohtaintd by oialtiplyiug the differt-nce bi-twecn 
t]tG Rpceilie hcAt of the substance in it« liqmd aiui itjA ttolid fonu 
hf 1 numlKT obtained by adding the numlier 256* (a» e^iieri- 
ijtental eoa^tutt funu?;h»l by rcwtirches uiton the latent heat of 
wat«x) to tlie nieUiiig point °F. of the substance in qnestion.* 



* If f^ the tati-'Dt hFat,<f lh«'hQ>rt>ti(-<i<<>f thosprc)8ch«At inlhotiodd 
and ia iW lolU »U\*.: i iltc mc-Uin^ point oo r»hroali«^t'« tc^^^ tli* loicmt 
' OMj be cakfuliled bj tlii* f^miulH 

I tefdla obl4in«d with the luctali do not aceord with Pi?tia&'« tWvn^ 
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Tfibie qf Uteni HeuL 



2fitnt«of 8odft . 

Zmc 

8ilv«r . . - - 

Tin 

Cadmium - , - 
Blvniutli . • . 
OulpbuT. . . . 

Loftd 

^o«|dionM - . 



•F, 


W»l« B 1. 


UriSs 


1*000 


1 13^34 




Sfi^X 




r4'9^ 


*i<i5 


o";y 


W44 


O'l^l 


3^75 


0-11$ 


rH 


©'ol!7 


9^ 


0063 


5" 


o'oj5 



Tfa« niimbcn iu the tocond column of tlie t&Uc rcpn^eient tlic 
ntimlei- of dc^reoe of tempemtiuv that au cqiiul wciglit of tvnUr 
would be miced by Ih© p^sMa^^ of encli of the IxKllea euomcraled, 
fvcm tiicf liquid to tlie ttoLid state, or tbcy mny \k takou an tlie 
nTimber of jiouud^ of wntor ibnt woidd be raiAed 1* of Falu'enlieit 
bjr ibc hvHi euiiltr<l during the mngcbitio'i of one pound of each of 
tlic substancx'fl included in the tnlilc, 

(163) Frtezin^ Mirturt^, — Tlio clictnist arails bimsclf of the 
tad tbat bt^at diMipiwint during liquefaction, f\>T the purpose of 
])roc'urin^ lu'tificlol <^o]d : tbc lurtiou of tW'oxiitg nnxturc» tk'|>ni4lB 
ujjoii thin |u-iiici}1e. Many t»aLtt while uikdortcoin^ w>lutiou |>ro<lacc 
& Ter>' ooaaiderable reductiou of tcnitif^mture. For eianiplc : 4 
ouuocs of niuo and 4 of aal ammaniac, earb iq fine powder, 
mixed witt 8 ouncts of wntcr, reduce tbc tliermoDiGter from 50* 
to 10* P- So^ likcViTsc, txiuid parta of water, of powdered crj-*- 
tailizeil uitmte Ammonia, mid of carbonate of soda also crj'dtalli^ccl 
aiid in |)Owdor effect a reductiou from 50° to — ?*• 

The most coDvciiifiit luixtuix^j bowf^-er, yrhcjx procurable, con- 
aifits of t^iittl wei^htat of pouti<led ice (or better rtill of frcdi sdov] 
atidcoiuiuou Htlt. A itteady t&ui[K*i'atiire of — 4° F. can by it«mca&s 
be niaintaiDed for many hoiint. Agaiu, a mixture of Um^e part« of 
Ciyetalliicd chloride of caldum aud two parUt of aiK>w n iLI produoe 
b cold sufficient to freeze mercury : — if before making ll»e mixture 
tbe Tcsscd iu which the cxpcrimmt U to be performed and the 
ddoride be cooled to 32^ MUch u mixture will sink a thermometer 
to -50* F. 



I 



i 



i 

a» the diffrrrrkfr t>f iViHr irproillr h«ftbi ID tb* Mlid An^I lir]Qiil *iskUm i* vflV^I 

lltiu fkrotahed by eipt-rimput. If M. IVrKJo'i* vkw beroiTrcC^a coiuwqiiniof 
wlmJi lii> iii||micnmty ^rAiAv " 
would fall «— 156^ r. 



iVouL \i in, that ihv at^olul^ <oro of l««ppmtitrr 
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Kvcn during Uto Hquc^tinn «tf a mcTtoltio nlloy by quiokflUrcr, 
the tuuuo Cwt ia oImk.tt«I : tliun flu alloy may Iw fortaoil l>v tn<Jtinj5 
togvTtlter 207 partii of Itiid, 118 ptuttf of tin, and 284 piirU uf 
btuniuEh ; if thui be pnmuluted, by pounw^ it, when meitod, into 
waller, it Difty lie 4li«&oK«<l in 1617 parU of inorcury^ ntid «iJI caiuw 
a tliermomptcr, irli»oh in itnmi^rM><I in it^ to ftiiik from 63 to 14^. 

It in oiriiig to thin abfiorption of h^t linrin^ the tiqiiefnetion 
of Milids, that not only h the melting of ice, but in tde much 
higher t4?n]pcnituTC9 rrquircd for the fusion of miLny of the metals, 
the tvmpcntttirc rcmaiiu ct&tioiiary &» loitg 114 uny portion 
of ihti nUL** rrmntiis iLnmeltci) ; th« cjcr-w* c»f lian i« traiuferred 
to the uninelt<<<t wiliil by cunduction, *iul is rapidly aWirbod by 
it dunI^; it^ liqu^fuctioii. 

The following table coutaiiLi the temperftture« at vrUich 
scleral subbmuces, metallic ^mi Don-mctallie, <^ter iiUo faaion: — 



Taifte of f^^nff Fifhtis, 
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I« 

FjtjiiJiiaiu fnbout) - . . 

Y«I1dw Wni 
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TW 

IfilratdofScHU .... 

ht^ 

KitntUof Potttli. . . . 

A&timoDy (alxnit) . , . 


^ T- Xtibuiilj, 


—39 

*— 4 

3» 
11(5 

190 

11 X 
900 

■77 J 
1995 
0010 

Rborv 


Bogaouil 

6clir0lt«r 
Pcraooi 



The melting point of ice ia perfectly statioiuiry* at 5a* P.; 
but water vhioh ccntaiits salts in ealotioo has a lower p<^t of 



• Prof. W, ThoRwOQ of Gla»zoir mu*, thnt in conHraiAtioa of the r©-. 
•utta antifnpil«d fri>iii a nuthvcLalii-al iutestLijEatioQ made br hi* bivtliM'ii^ 

flada oii>tfdm«niai]y thut the iraNuni: point of watiT. a liquid ^fa,ui^ ^cpand« 



«n 
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congcktion. Sea n^tor^ for exmnplo, frttcxM ftt a3*, tlic wait 
Bcparntin^t and puivwAtrr fUmtiJig in the fcjnn of lou^ wKilitt wbter 
U'hich iH uat»ratril witli nva adt KUikA lu luw ftx — 4"^ F. Ix'fore 

(164) IRrfilutirm of Half fiurhff fiftHJiJifutirM.—Whi't} liqiiiili 
rr*titrii to Uu- noliil fonii, t.licir luUttit Ik^iU, ur A/i// 0/ fimdUy, ft.H it ia 
ftOtiietinii'A riiilcnJ, i» ujcdn fciveu oat. Wuter, if nnduturt»ed, mvy 
be coulefl tlo^iTi in a iLiirrow tube even %&* F. bdoir tlic &ecnDg 
point wiilioul coiit(eiiliiig ; bat ibc least affitatloii causes a portioii 
saddooly to wlidify, and the laUmt beat emitted at tlu: monirut hj 
the portion ivhicb freezes raUcs the tcnipcnUuro tA the irliole 
masa to 32°, 

A similar extrication of heat occurs where a CTjpcrwturatcd 
9olutiou of sulphate c^ eoda (70) U made i«uildciil^ to oryittjdUxe 
by Agitation, the mK«s becomii^ Mnisibly vraTm to tlie hniul. Tba 
eolidificatioQ of metnlb'c ImhIics is attended with « like crolution 
of he^t ^—a fluid allny iif wtlium and ])ntA.4ftiuni may lie easily 
made by kiiejiillu^ tin- ivny metals togHtu'r; uitli lucrcuiy they 
form a voWA aiunljfam, and in ilie act of uniting with it tbcy emit 
sufliciciit heat to act iire to the iiajihtha tbat may be adhering to 
their sur&ces. 

{165) DUappearance 0/ Heat tturtitff the Formation cf Vetjtottr. 
— In thcchttDgi^ from the liquid to thepaseows atalf, the dij^nppww- 
luicv' of ke&t \v, fuuiid to occur to an extent still ^attrr titan iu the 
forrncT tascH. A vt^w^rl conmuiing water, such as Ihr boiler of » 
comnton atill.plucnt oicr a 910111-co of hcut which i.i tolcmbly iimft>ri>i 
in tt;iujH!T!tLiLtv, rc?criv«;ft (,<qurd accc^on^ of h<-at in n^tial tiuiea; 
the Dniter at iir»t ri»cn slfadilv in trmprrnturp, but at lonfrtb the 
wcttor huijft aud the thermomctor become* ntatioiiuiTy i uo tnattor how 
much the Iieat Ur ur^frtd, pnividi:^! thp dU-aiu be allowed to escape 
freely, the tt-iuperattire of the baibti^ liquid caiuiot be raiw?*! boyoiid 
m certain i>cint : if the vkjMurbL* madu to pa^at through tbp worm of 
the litill, which t& eooh^ bv Iiumenion in watfr, the «tc«m will 
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at the moment of oonj-4>Utti>n, U/oirfrftf toaininuteliatiu««uni1^i^cxioot by 
«ixpaauigLhHirBlcrU>t»n'»uTo- 3^>mr jjivlimintrj c2(|JL*rimL<prt«iiiivi*c4l, ib«tfi>r 
aprennirt* of 8'i atmo«pb(ri-r<H ihr jkhul orror);^'i-latt<>a vvi lowrrt^J o^'icfi Fj 
bya prnniif of i6'l* otmciipl^privi a nn* n;*bi(!id o''iT,t F. Ibiiihra* oa th* 
OtliLT hand, found the luplunt; [>^iiki of jinrftfAn aod nf fix-nnju-'cti tu bv mi»rd 1 
fcyinpreAtiii^fht- |>nM*urp. Spi.*Tni»'et]. for inrtlnnm*. Htdnlifi^'il it 117^*0 vnito^^ 
iht atmot^hirio pjT»iiri% but unJora prt'wuro of 150 ntn^tMs ■ - i1iilj*^fl 

fled «t if.)"'6F,; hocL iKofli^ hudivfl lYfUfroc/ at tlie faomcnt 01 ^<«if^H 

nnd, jiA lind b«va uititupAtcd bj PtolVuor Thomu^o. Ui(? mclim^ ^ht-.tjT ms« ^^ 
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tvftulcr |ajrt of ita heat to tlic vratcr id the condcnncr, vvhich m|>«(1Iy 
tx^e^ iTi tJ^mpcratiirc, vrhit^^t the vapour rc^iintj; to ihi^ lK|m(l tbmi j 
Irat ihi? quantity of water thnt W miiic<l in ihc worm-ttib, to nmrly 
flia^, ia very mudt grvjitirr than thr (quantity that coikIc^i^ca in the 
form of liquid iu tin* rL^c<Tiwr of thr* i.tUl. 

Th»? lar^D inidimt of Intnit hont einrtuiTipii iu stj^m, rc^ndna it 
poMible to u«0 aivnm tut a t^mxi'iiwnt nxitl vcauomwn] mode of 
irantku>K buihlinj^ aiul ap)iiiivitii« vhi<*h t\t\ not n-<nitrft tn Iw 
raised to a leoiiieraturc beyond that of l>oUitij^ water. In pra<ni<*e 
it is fouad coDvciilant in wanuii^ a building vrhic^h is iiaed for 
domestic purposes, to allow one square foot oi radiating siirfat^c in 
t)u! flt<;an]*pipc f<»r crcry 200 cubic feet of space to be Lcatcd. 'fhis 
afttnutc, however, is liable to icodification, as the Renter tbc 
eximt of mdi:itiii££ iii^d conducting; niirfncc cxttf>wil }jy llic windows , 
iu pra|)Oftiun to tbc cubic coutvnt^ of th<- vpurtnjmt, the mort 
mjiiil h the loM of heat. 

The muinti-iLance cf a Ktoailj t<;Tn[)tnittirc Kihiuli cannot ru4 
above ai2°, is olien nrqiiired in thr bdNtmtory in the )ji\Mccution 
of various inquiries e^pecijilly in mioh oa relate to organic chemis* 
try, and for thiii [Ktq)mc & small steam bath, such as ia roprcscnUNl 




at t fig. I02, is extremely oscftd ; it mny ul*o be emjdoyed to owin 
iu cffcetin^ the titration of hot liquidj^, whi^rt- it is inipoiiiLiit to 
muiitotn their high tL'fniicratun:. In drying t^rgaiuc MdwtaJici's, a 
kiiul of double oven, orhot clowt, made of copper, oa cxhihitod nt 2, 
ia ft convm-.t'nt jnoclc of apjdying bcat^ the intt'nal bctwrcn llwjJ 
infmal and irxtcninl platea tif COfper in tilled vritb water vrhloh iai 
boated by tUo gas llAnio below ; if a higher tt'ioperaturc than thial 
Ik) required^ Ui<! inti*r\'al nmy 1x* fdk<l -nith oil; tlie tem]>eratt 
in the latter c«m may bo regulated by a tliermotneter, uitrodu 



At a; At A ift ft tiil>e fitr the e^^rajie of vapour; thut tulie cmfnmunU 
cftttw wilh tho flo'^^K cliamber. 

(i6£) KMUtwn. — The gradual absorption of li£st in tte 
paauge from the liquid to tbc gaficous state is uot l<ws caacutul to ^M 
the comfort, and even to the existence of man, than the corres- ^^ 
ponding alitwr|itiofi in tbc passage troni the «ilid to the Uquid 
coDtUtioD. Were it othcrwUc, vrviy atti-nipt to Imil a saactrpaa 
or a Sosk of watiT or otber Itqiuil, votiM be attentlcil with cxplo- 
sJoQ, froDi the Hti(l()<Tu fonn;itioii of vajKnir, tlie mouK'nt the boiling , 
poiut wo^ attained. ^M 

Altlioiigh tlic boiling paint of each liciuid, c^ieris paribus, is ^ 
oiwaya fisetl^ yet (lllTereiit liqui<t!< vary quite &» niui-b in tKe tem- 
perature at uhidi thin ch&itge occurs, as ftolicU do in their point* of 
lique&ctioQ. ThU ia shoun liy a glance at the folloving table, 
vhich contajns tbe lK>iUu^ points of a number oi ticjnids, roecuUy 
determiued with very ^'c&t can.% reduced to the atmoflpticric prea-* 
auro of 19-93 inches of mcrciiry: the specific gnivitica of the liquids 
at 32° i\ are alio given. 
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Tlw proceaa of ebullition may be lieautiruUy abovm in a commca 
jglaaa flaitk, beated from 1>eiow. At timt, bubbles of vspour uo 
'fcnned at tbe l»ttom of tho TOaael ; thcae buhblai are condensed 
and disappear with a peculiar vibrutorv soimd before tlioy reocli tJic 
attifikCC; at length the temperature of tbc whole ma^a of fluid 
become* nearly uniibrm, and the bubbles of itc«ni us they form 
rise to tbc surface aud brcflk, umittiDg a perfectly trnii^parcDtj 
iarisblc vapour, vchicb uuJy ooudeuMM iutij the cloudy furui, nUicb 
ifl eoauiionly, but erroiico\u<ly, dcti^ntcil a« «tcani, vrLcii ita tempe- 
rature baa bcca mflkncDtly rrduccd by the external nil, to bKng 
it back to tbc liquid forta in exceedingly minute ^JabulcA. 

(167) fnjtutncr of Adhetion on the -/J£»i7iju^ Poiiv/. — Adbcaiou 
of tKo fluid to tbo auT&co of tbc vtwvl that ixijitaijia it Iu4 a 
inarkod rffMit iii rawing tl» iKulirLg pulut. \}x cc>iuc<}u«!ucc of tbia 
actiou, water ttomvtinio* liuiU at 1 1 4^ iu a fcl:u« veea^l, but Eallg to 
ai2* if a pinch of metallic t\tn^ Iw d>»pjri.-diu. If the mterior of 
tlie fieitiiellif^ vanii«tlted nithftbell l:t^, tbc- boiliu;; will oft^n uot oocnr 
till a temperattiK of 121' is mtehed, and then will take place iu 
bunts, the tfmitfratiwe at eaeh gust of vapour falling to 21a*, 
So agaiu tbe prestnioe of a little oil elevates the boiling point of 
water tUrte or four degrees. The experiments of Douny bare 
thrown bght upou Home of the cati.-«i';<^ by whieli ebuUition 
is JarilitatetL He has found timt the pn^enoe of air iu M)hi- 
uon fiinf^hriy tmita the orolution ef i^apour. From tlin increased 
elaetici^ vbidi the <ti«»olval lur acquirea by the addition of lieat 
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miniito liiiW>los ^st tlunowu off in t!>e mterior of die Riiid, 
ciaUv nliere U u in contact vrlth a mi^;;ti e\iWaoe i twd into thceo 
Ijubbleft c3te steam clilftt«« ami risc^> lly long boiling of the nat^Pj 
tlie air b<?oi)ni4*ii iieArly stW pxjielW ; in niicU a cave thr temprraii 
baa been nbwrrvwl to riw even iia bigb n* .'^^o* P, in nn open 
VMMil, vrliirh wan tben shattered witti a Imul re|«>rt, bjr a flurldon 
eiplosi\M; biiTMt of vapoiir. In this ra«e the fiirrc of c<)hcMoti rctaiiiH 
the particles of the liqnirl througlioiit the mnM m cantu**t with rad 
olhtT^ ill a sp<.*cics of tutteiing cciiulibnuin ; mtd wlwriJ this wjui 
libritim in in-ertun;(?(] nt anj one point, the repuLtive puwer 
the trxfYsit of hcnt ^torwl nji in lh<? infuiK, radileulj- eierts i 
and the <rx|»lo-<ion i» i\w rtniUt of tho ituitanlanooiift dispcraon 
the liquid. The cliiflciiltj of ootnpletdy expelling air, e^en from 
ft smiJ! hiUk of uatcr, ea» be atle^iuitely conceivcxl by tliose 
only who have attempted it, KbuUitiou in vacvo for % very con^i 
nclerable period is not sufficicikt. Where the Latent hcttt of tli^f 
vapour is low, and the lifpiid has c4>nipftnitivcly little wlhceion tdi 
air, OB is the rnsc with aleohol, irlih etlicr^ and ^ith »^r]t|thuric 
acid, freqncnt bumping or irrcgulnr boiling oooiu?, i-iulangrnti^ 
IbeTCmid and lis contciiU. 

(i6K) Infiumrt of tht Svfuium o/ t^otidf tn n Litpiitt, m I 
Boifiny Point. — Any foroe? that actH in opix^ilion to the iv^itilai 
en€rg:y of !j<*al ]inKlu(*es a noiTCS|>ondiiig ri.*e in ilie boUJiig jtoint 
thuft the K»liitioti of a Halt in wuti^r, h;^ Die influence 0t ailhcaion, 
aJaays elevates the point of ebuUitloti, and the more so the Ur]^r 
the quantity of &aU added. ludted it bsia been BupjvoM.'d tliat 
the quaniLty of salt re({uirt-d tu produce a eertain rise of ceai|Mv 
rsture might be eniployed as a lueasm^e of the Amoimt of m1 
aion bctuecu the liquid aud the suit in solution- M^ lii^graiidf' 
{Ann* tie CAhnic, II. ]ix. 413), has mndc a series of caieftd cxpcv- 
Hmcnt^ upon scveatcpn different saltJ*, and the rr«dt*» which 
hafl obtixined pOB*c-«* con^ickrablc intercut. It mifht he "iippo^cd, 
ntncr the einstidty of vnjHsni' increwHw \titb th(T t<-mpor«tiuy*, thot 
the addition of a J&rgrr <jua»ttty of «a1t voubl 1>e rvqiiired to 
rnirte thr hoiling point from aij** tc 214* than from ail*' to 313^ 
In only ihrfo i'a*M, howcvi-r, wiw ihi* 4*ireol prodiuwd; IhMe 
tbree «dtK wtniifl lirst in tho* folhinin^ tabln. T» m iciatAiices th^ 
effwH prmlnerHl vra» fxw?tly thft leTer*** ; whilst in the aeven ia* 
Htanoi^ which itnnd lowi^t iu t}ie t&ble^ i\\e aucccssivc quantt- 
ti« of ftalt which it wa< rwiuisite to add in order to prxlncv > 
aucccasive riak> iu tbe hoiliiij; point of t* dccre^tscd up to a ecrtoft 
point, and beyond ttiia steadilj- increased The aolta cnploytd 



mg 

I 



IXPLtCNCB or FHCSSDHE ON TUK DOILINO FOIXT. 



S25 



were mil nted in tlic nnhrdronA «Utc, cKnt is to say, tlio^ v«re 
«lried ^o a» to bv cntirvljr tU'prirrd of their vntcr before beiug dia- 
8oItocL 
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NotvithaiaiiiUng: tJielr bif^h boiljjif; podnt^ tbe vapoiir vbidi 
fi»8 fhiDi nucli ujliuiotiA, )mtui-tli;kic)_\' luljiiats itM-lT to the atmo- 
spbcric pn-wmrv, and m not botlc^r iLhu iLc stcuiu of boUJtif; water. 

On comixLTiiAt^ together t^ijiiJkJ wcif;bt« of dJilcrciit ^alt« it niJl 
be fuixnd ttuit iLc iQO«t eolublc arc hy do in(7«n«i tLnifonnly t1io«c 
wbich prtxbicc the grx'nte^t clrTnliim of the Ijoihng; ^loiut. A 
Bolntiotj coiitniiiiii^ 40 per or^nt. of oommoii emit (very nrar)^ 
sAtur^tcfJ) 1>oiU at 226^'^ ; wtiilitt in tlw cnso of tutrc (a far mord 
soluble bbIc) a folutUiii of tbu i^ami- uti-enRth boil* at 3I(;^ 

([6<;) /flr/7irmc« of Prctmre on Ihe JhiHn^f Pciut. — EbuUition 
eotuistA eMeutioll}' in t\ii^ ru|>iil forioatian of Ta{Knir of ui elonticily 
eqiul tothntof tbcAlmoHph^i-PwIiiohcxirrtfiitHprcMure on ttior but. 
fivr of tlic liquid: a»y dimitiutionof that tircviirc dioidd therrtbrc 
be ftttc'tidcd «ith a corrcspouding dcprc«vion of the biiihnp point; 
umI it u a fact tfaftt water nhicli hofi hniic ceAswd to boil under tlte 
o«tid atinoitpheric pressure-, may bf nt once made to cnta* into 
ehuUUioii by idoang it uiidcr the nveivcr of tlie air-purap, aixl 
exbaustiog tbc Dir; by IIuh meana water may be made to boil at 
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a tcmprntiin^ of 70' F. Ivuteed, liquifb i» liremml hoil in 
fnvm /trt" In 140" below their' ofiliiiary (loiiit of ebuUimn, wlic!a^ 
ntidr.r a. li^raiitetric pi^essure of thirty lucbeA. Tlutt re-KuIt luaj 
be ithowii by boiliof: some tvatcr in a Ploreuce fla^k, uid wbiUt 
the auani is rapidly escaping, corking up the Haak, Upon pouring 
cold iratcr over the up^cr puu't of tlic fliuk the Ktrftm b candcmcd^ 
its i^^GAurc is n-movcd, ntui the hjiUt iKgins to boil rapidly ; but 
ia this €»ti the bubblc-'V ni-urly all n»G from tbc vTiriacx^'p not from 
th^ bottom of the tiqiiiil. A Miu{>le |iroof thnt »t(^uni from boihng 
water poH»MrH*e* aii el&.-iticity ecpial to that of tbc atmi^pJit-nr 
obtaincrl by repeating the last expcriiiirnt with n tin 
iiul4>Ad of a globular ftaak. Ou corking up the eanwter 
pouring cold water over it the steam withi!i b eiuUlciily cdd- 
dcufied, a vacuum is produced, and the canister U oruMbed >B^ 
from tiic pifASure of tht^ cxtcnud air. ^| 

Tbc reduction of tctiipcraturc ut which boiling takcfi place ia 
B£lv;xtiUi^oiiT(ly ajfplied in tliu prc|Kiration of vegetable extracts, 
tiie mL<(HdiuU pni|»ei'tieft of whioh would lie iiapaired by tJic onli- 
nary temperature of 2 la", aiLd by «xpo»ure to the air. The appi 
rati» coij»i9l4» ot a frtill and a recLn\i;r, which are cmuuxtol 
au aif<ti;:bt juiutj aJid arc filled viitb stt^au to cx|m:1 
wr, ami tbto licrmcticjiUy tti:al^ ; on couUng the receiver the 
cvapoiatiou ia tJiua rapidly conducted at a tcmgicraturc oiucfa 
lower than the uaual boiling point of tbc Liquid* A iuoiti6calioQ 
of ihtH process 19 n£>cd in tbc maniifociurc of ftUgar, boUi iri tbc 
conc<TUtratioa of t]io ooiicguioc and iii the subaoqiicuC CTaporatic 
of tbc eymp. 

(170] Mrnrvrem^ni of Htf'ttfht* htf Ihc BttHitt/f Poini. — Aamifll 
be exp-otcd ill (<o]i»cifueiuM* of the dJiniiiution of 4tiiu>f(pbrric pr 
sure, it in fotiiid that on affoending from the earth'K itctrfiu<c, 
temiK^mttinr at which u-ati^ boils iH^eomcH ifnuhially lowtt. Sn 
aure obtM:Tve<l tliai ou the aummit of Jklont Hlanc, irhic^ ia ij.^j 
feet (nearly thn^e milca) above the sea<Ie\cl, water boilnl at 
185^-8 P.; a:id M. \Vis»c recently determined the boiling i^^int 
upon ilouiit Pichiiicha, at an altitude of i,;»Q40 fbct, to ^f 
l85*''27 F., whilst the banoractcr stood at i7'3o8 inches. 

Ill <I«>ccmiing miiiest a rcvcn^ cHcct takcx pLacc, the boihxig 
point heing proporliouaitlj clevat^. I1ii« observation adoiilaof 
averyaim|>le applioaliou to the mea^rvment of heights; a dif- 
ference of aboiEt 59f^ feet of aaecnt, producing a vanatiou of 1" K 
ill the boUiaff point of water* 

Tbc foUowing table «Jiows the temperature at vhicb vattr 




man phessoiie steam. 
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bmlft lit the coiTC«poiKling hcif^ts of the baromolrk coluniti^ cal< 
culftte<l T)}' M. Rr'^tiui.ilt, and coiiliriacd by direct otMcrviitM>ii. 
{Ann. de Cf4rmie, III. xn\ io6.) 



I 



BfjittMf Puhttt 


^i/* IVattrr at difftrtrnf Prrtjirrc*.* 


Mfyh. 


"tar- 




Iikoh't- 


So-tlTI^ It. 


Ujtrnmfibr- 
larUu, 


'^ 


t<i(7iS 


m 


ariJ4 


ao6 


17068 ' 


'S 


«r<H7 


19G , ar5;6 


3 OS 


iM 


IJ-4*i 


198 
■50 


3 3>,^0 


a7-<Si4 


:% 


li'I^ 


3r4<j8 


310 


I»» 


>8*flM 


900 


'j"4rj4 


31 J 


»?.w« ! 


IQO 


t8-99> 


JOI 


JJ"9.i7 


211 


i<l'?aj 


191 


I9'j07 


30J 


^4''44l 


»U 


jo-5'6 


t^ 


I9'8i3 


J03 


25014 


J<4 


3"'30 


"99 


was* 

10687 


^04 


aA-4<i8 


3 IS 


3"'?30 


■W 


*05 


J5"99^ 








1 



The ncccMity of auendiu^ to the height of the baromder 
at the time of makiiii^ a carcfcd aberrvatiou upon the boiling point 
of aiiy fluid will be oln-ious. It hiw Ijecn ftscertauied tliat a 
variatjoii of Dnc-trnth of iiil iucb roake^ a diJfercsice of oktc 
thAti a twentieth of a de^pre F.; no that within the range nf tlie 
barometer in this climate, the boiling jwint of water may vary 5*- 

(Jji) Ififfh Prtrsntre Steam. — \s a reduc- 
tion of ibc preesure lonerB the boiling point, ^***- ***3' 
BO aa augmcnution of the prctfiiire raises it. 
To (lemonKcrate tbls ^t an apparatus has titx'ti 
coutH?iNl, counvtbig of a vmall iron buikr, 
(fig. 103), furniAlicd with tlirvc ai)crt»n<« in 
the lid, thmu^i ojtc of wlmli 3 tlicnDonidcT 
BUym is ponewd air-tight ; thi'ongh the tvccotid^ 
A long i^la^td tiilic npon at both vn<\a in iufttrU^d; 
tlw Iow4;r 4^tn?mity of thia t«l>c- plunpos ticlonv 
tbc surface i>( incrciuy placal in ttio boiler. 
Wat4?r in introduc4>d ttLroujj;h the tliird aperture, 
vh^h muvt be furuinbed with a 6top-<x)ck. It 
viU hr foLind nn applyitLHf bent that w> long tw 
free nommtiTiimtion with the atmofiphrre i« 
licruuttn) ihnmgh the open Mop-c^*rk, the 
temperaturo of cbidlition coutinncs steady at ail*; hut by dosing 




* For aa uateibiled taLI« of diiHlir^. riikDuEoaOji ^00! p. a^. 
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tbe cock, the steam mnv be contincd, nnA M frc«h portiotw of 
steam conlinnc to mc from the water, the pre»«iro on tlic sur^ice 
iBcrcn*c«, on i« ■hown by the ri^e oi the mcrcory in die "pen 
tnbo; the IxiilUtg point aUo becoiiKs liigbcir; until wlien tlic tn«r-' 
cnry <t:xQcU At 30 btrliea, and tlu? presititrc' od tlie RtiHiiec !■ eqiid 
to tJiat of aw ju!ditifitiul atrnftojibf^M*, tlier thrmiumi'trr niurkfl a 
tefiifienitiire of 149*''5, Bv (ontiiimng ihe heat williout allowing 
tlie ^teani tr> <?8o&iio, tlio boiliiij^ |>c>int r\?<f» Htill hiKHii*, and ibe 
dafiticity of the steam iifccreasen «ith inercoHiiig raindity aa the tern- 
pertiture rues, &h ia shomL by the foUoning table eitracted from 
Eegnaulf * work : — 

Tempertttunf of Steam txt Hsgh Frtssvsrei. 
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TTiew rcaiUt* differ biit little from those obiaiccrf, uinlcr the 
diTcrtion of Dulonf; aiiil Aro^j by a commissioD upp>oint<i] fur the 
purpose niiuiy ycnn* ago by tht; Frciicli govcmniciit. They found 
the tein|irrauu'c of str^uti of twenty atmoitphcTC* tu be 418^*4. 

It 11 ill W widened tlmt iw the temijeraUire ri»<» by 
tulitititJiiA of hnit, the biL-Tcaae of rliuitit'ity ii« awvc rupid at 
than at low tetnp<rrattireH, and thin circume(tuK:e (m addition 
the gientcr siinpUcity of conntnirtioii of the avuchiuoiy in ti, 
pnsMurc Gngwes] is one of the pnncipaJ reottow) tor the 
eeonomy of power obtained hx eniployiiig high prMsiire «te(im u 
a motivQ power^ nheu compared viitti thfLt fumialied by tb? lue of 
lour pTtMiu-e engines, Bnt it is only nh^u in contact with a body 
of vftiei' from whieh fre^ihaleani i* eonttwilly ri*ring, ihnttbe ck»* 
tieity fttigmrnt'' in thin maoticr, anri thos pnxluee* a f*>ree *ii 
to ntiid KMindcT the i«itron^&t vesselit. If dry (tteftm nkpQO 
Keaied, it follow* the law which rebates the expanBioa oul " 
ela^tictty of t;aj»eoiiii boitie« in s:€nerid (118). 

High prcBAure steam whilst confiiieid ia always of the tcfltp^ 
rature of the water &cm whidi it ia produced; it ib, tlicrcibr^ 






often ii9cd it) the artn to ?<i]pplv a eU'tuljr t<!m|ieTaturv ahuvc itmt 
of aia". It ia tounU tha tht bolvinit (wwera of wmWrr lire mucU 
inorooaod by tW elevation of teni|X>riLtun! cuused by ]>r«veiitiiif; 
tho frve oiM»j>o of the 8tvurn. Pupui'« clrj*eetor is ftu apptiRttiis 
dcvigned to i>ttect tLiv obj^crt ; it is simfly a itrong iron voutcl, 
ftirtiUUnrI vrith ft safetj-vjilvp fnr irgiiUting tl»c pnenwiin' at which 
till? )it4<flm in nlloiTPfl to hh>\r olT. Tlir* tt'ntpr mnj- thus hr Ici^jit 
nt4-Ai1iK- at iiiiy rcvjnired Icmpci^tnrr shnvc ail" Bui hmg lui n 
requisite. The gvtatinc of bone* mny liy thw mcaiw *« tfmly 
extractal from tlic cwthy matter, rLlt]i<iiij,'h ihr Wk** imiy he 
boiled for houra in water nt 2]i°witWiiti'\hibitiiijf any »iich elfeci. 
(172) ProduciioH XiS CtAd Ay t'tip(fri::atio». — In all caaes, 
vhrthcr volatilimtion occur a1x)ve the nmal lK>i1iU]r pCQUt, or 
IhJott it, hc&l IB absorbed in lar^fc ^uantitj'. A few drops of 
ether if allowt^ to fall on the baud disappear rapidly in raponr, and 
pn>duoe lite M*iLi»tion of cold. Inderal, tb(; boiling of ouc lic|uid 
may W altendeit inth the freezing of another irhicJi ia brought 
into iu vkrinity. P]ius% fi>r example, a drop or two of water 
betvecn two nateh-gbw^K, ])Our a Itttiu etiiet into the u|^er ^lass^ 
and banii^ introdiiocd tlie.in into the rec^eiver of the atr-jiump 
exbaust the air; tlu^ «!ther will ^pecdiJy boil, and the water 
beiivecD tho two glasaca wiU be froacn by the rapid ab»tractifu 
of heat, vhieh it bas o^pericuccd ilitring the coDven^ion of the 
etiier lnt<j vajiour. Water, a« Leslie Lm nhown, may even be 
ftoxeu by ihe rapid ubfM>rptioii of hnit prwliR-ett by its uwn trtapij* 
raLi(jii. Tbia i'X|K;n»irnt may be jicrfvnnc^l by KupiKirliit^ a watcb- 
ghiM a>n1aiuiii^ water, trvcr a iliob uf oil of vitriol, tmder the 
rcevivcr of the air-pump ; an pIiowti ia fi^. 1 15 (paf^e 346]. On ex* 
bau^tiiig the air, the water (|uii:kly cvapirratev, the etcam being 
removed with great avidity by ihc oil of vitriol as ftst a* it ia 
StntxA ; and in tuo or tlvreo luiuuUts the water vhicli retnaiuv in 
the iratch-gloLfis becomes oonvortod into ice. 

Water ia aUo froicn hy its own evaporation in tlie Crjf'opfiorHS 
of l>r, Wolk«. 

ton, in vhi^ Fio. 104* 

thn nindenKR- 
tjou of tht^ va- 
pour isefiJiHHed 
hy the a j>i>1i ca- 
tion of a fix:e2- _^ 
ing mixture, 

at a disuuiee from thu crsporating enrfaee. The tppuratu» con- 
siatA of a long ^asa tube l^nt tnioe at right ao^efl, and terminating 
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iu A bull* at cacli cxtrcniity, lu ^Jioftii iii fi^, 104. lu making the 
iii»truDteiit,t>iieof UieHcbulfjHiHparttully flUfd with «atiT, vrlii<Th is 
Hie^x niivb to lH)il rapidly; Uh: steam thu& ^iterated ex|>el« tlic 
Atmofiphcric air thrau^li n capiUary opcnini; whicb is left m the other 
bulb, aud when tho iiutnuncat U thus freed iroiD air and filled^ 
ciily u-itli Yr&tcr and vapour uf water tliu apcrtiiro m aealcil. TqH 
Binkc u«? of it, the wuUt i« all coUvcU^d into one bulb, and the 
etn|ity bulb n pluti^d into a frcexiti^r mixture ; titc lujucoiu vapour 
which it coutaius ia thereby coudeu»e<l, aud evuporatiiHi occurs 
rapidly from tlie surfai^e of the Vuiuid iu tlie other hnllj; tts 
aeueible heat is thiu diDaimshed, and tlic water in a few miattt^Jt:^ 
bc^os to fccGze, ■ 

(173) Mttamremtnt of the Latent Heat of Vapours, — &)cnl 
weight* of ciiirctrni liquids rcqiiirc very diflcrciit aniouut« of heat to 
conivrt tbcm iuto vapour. Thu ntnuunt of fa<»t wtuoh la Uma 
rvtiJrrt^jl IjUrnt, may 1)c dclcnniiird hy dintilttng over a riv 
weight iif till: liquid, iiitd r^milciiMitg Lt in a lar^c volume 
watery tho tt^mpcrutiarc of vkhich u uotcd t>eforc and aAcr 
cxpctuucnt- Suppose the latotLt Heat of t»tcam to be 966% a pinti 
v^at^ cotivcrted iiitu ateani would ou reoondcnantion raise the 
toiDp«nture of lO pints ^&'6, It is fouud that a fnllnu of water, tf 
converted into ttoiun of 3 11^, and condeiit^od nf^^iUQ into the liquid 
form, woiUd raise tibout ^\ gaUana of water from 3^^ to aia^ 

W© owe to Dr- Andre* 




Fie. 105. 



[Quart Jnvr. C^^m. Soc. \ol. i 
p' 27), a eureful determination 
nf the latent heat of a titimlier 
of vapouTB; fig. 105 ftlviwn 
the niodf! of prueexhire whkh 
he adopted. The liquid to be 
trietl i.4 placed in U;e flack a, the 
neck of which haa a vcrj ibort 
bctid, and \a connected with a 
gla«8 rcceircr, b, furnished with 
a itpinil fondcDMng tube, ten&i- 
uuting at d; this receiver 11 
])W*etl iu a yivad, c» with a 
couMilerablc quanti^ of water, 
wtueh haa been accurately 
weighted. The li<)aid ia dtiftillcd 
over into u ; the quantity thsl 
f:ondeaHc« is earcfuliy weighed, 
and the rinc %>£ temperature experienced by iht- water uMd 
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r <*onf1ctuati<in U n;timntAl liy a xtry Ktrndtw. iTiermometrrrj IL 
Ite vhuti^ in rticlfMied in xu auU'T tin pljkte veMM<l fiiniUhMl 
pritli A lid, iiliic}i U(^ 3l» a ticrcGu. ainl Ia furlli«r |)n»u^clecl 
potD Uic nuliAtiou of llie lamp by the tiii*pUte eereen a ; 
V U a \\SCiii cla^ tube for ablating the water. The rciiilt 
IDhtaiDu) baa, Jiowevcr, to he corrected by other cxixrimcnts 
tb>r ttic heal abftorbcfl by tlic- mctEdlic pAiis of the apparatus^ and 
!for that which w \o^ by railiati^i diinni^ the time thnt the cxperi* 
jlncDt lasts : ftUonaDcrc hatalno to be itiiule for tlic livnt which the 
■DndsnMd Untd has ^ven out vhilc in the )u|uul form, id mooting 
Bovn fVom tlie boiling point to thi; tenijienLtui-c cif the vfLter iwed 
itL tlie ct:<iii1en--t^-r. 

Thf? rwjItA ohuined in thtfi delicate braach of inquiry by M. 
Dospretx, aiid M. Ilrix, which, howorer, embfu^ied a much aoMilIer 
bombor erf liquids, A^^ree pretty closely with each other and uitb 
the ei]icrimej»tfi of l>r. Audrews. 'riir-se results, with some of 
those obtaioed by MM. Tavrc and Silbermatin arc given in the 
jJowiiig tabte ; 

Latent Heat of Vtrptmrs. 



Wabrr (Riftpioult} . . . 

Wiw«f 

- Wood Spirit 

Alcobot 

roit»elO)l 

Finnic Ac-id ..... 
F<>nnul<> of Mfitiyi . . . 
Bulrnr Af»d . - . . . 
AoeldtcorMcthTl . . , 

r<irpi»(? Et^icr 

V«Jcrian]4? Acid . . . . 
Acetic Airiil . . . . . 

Aoctic Rxher 

Ether 

Bi4u1pUUl«of C&rboa ^ . 
Oil or LcRwa« . . . . 
Uil o( 'Umt^niln^ . . . 

OxaIu- EUht 

T«4v1donitc ot PhoaplkdroA . 
Jtodidoof Elhvl . . , , 
Iix1>!<-oraicthjU . . . 
ItriHniiin ..,..,, 
Bicltkmde of Tin . . . 



A. 
F.S. 

A. 

F.S. 
A. 
A. 

B. 



A. 



54"9 



Sqiul Wf ^LU. 


Bqutl Vuluflin^ 


9646 J 


S8R1 


374!) 


2^5 


a<&-4 


M734 


■■rs 




>to'7 


6jpi 


ao5'4 


7337 


7011 


i83"4 
I66'H 
163-8 




7337 
6003 


>5*'i 


fiVi' 


1440 


97yj 


IJ^J 


s^i 




5W5 


843 


6870 


8 J '9 


S^4 



7190 



llioaD mvrked A. are by Andrvtrn ; F. S., by Fanrc Mid Silbcr- 
{C^mf^tet Bi'ndu^, xiiii, 524), BJ>y Hrisv''o^5- -^'"'' '^'-.liO- 
Hie Dumbcn which represent the lateat hcail of equal rohmies 
of c«clt vapour are gbtaincd by multiplying the numbeora lu tke 
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thiril coliimD by the weight of m Inilk of ctu^li rapour oqnal to tltfit 
occupied by tiiiiv graiu» of vtcaui. TIjc uumlxTn* couUntiH in t!io 
Uiirrl colimiii imliuute tlic qiiAutitiuK of water in pomt<1» vliieli 
wouifl be r-Med i*> F. in U^mpErmltire, tiy condensaition of s fimtnd 
weiitht of tite vapours of each of the ranous liquids ineationfti »i the 
temperatnrc at which each boils, into Uie liquid form ; tlie li(|md 
COtKlc&ACd bcinj? supposed in each case to be at the tCTn^>cTattiFe of 
ita omi boiliug point. For inst&ucu, the coiivtraion of oitt.' pound 
of Ktcnm at 211^ nito water at 211" notdd raise 964*6 pounds of 
vatcr from i5c° to fS[^ V* Su th<* comlrnsation of one pound of 
tlic vai>c»«r of akohol at 17^^* into liqnid ftlcohol at 173' 
heat 374"9 i>f>niKbi of water from 60* to 61* F. 

(174) The density, that ia to &ay, the weight of a given voliiine 
of steam inci-caaca cUrcctJy as its elastic force Watt concluded &om 
his cspcrimcnta tlial the same weight of stoam^ irhatercr its 
denjcity may bc^ cotit^ns the »tnic quantity of hcflt, its Intent 
heat being inorcascd in pix>ponion ^ lt« ecusibk heat is diniiiiisi 
vr ith»urbvcb 






Pot tnstancC) 
A certain weight of jfte.tm at 111' P, 
coiideiioal at _]2°, girca out . 



'■] 



x8o^ of frnsible heat, 
950" of latcut beat. 



3 



Amountiug together to >IJ0° 



^nt ^^S ^'^** of «cnsiblc hwit. 



The same weight of steam 

corideased at ^2*^, gives out ; 
Sut only .,,.,,.,. 911^ of latent beat* 



Still nmounting to^tht-r to . 



1 130'- 



The lUuuG weight of aU^m nt ico%cctii- 

dtnisiMl ttt 3±^, gtrcfl out . 
But now tut inuch ui 



1 



Making together, aa before . 



(S8* of ftensuhlc heat, 
1062^ of lat(*nt heat. 



1 130' 
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M. Regnault, by a aeries of laborious eii>ciimeDtA, ha», bow* 
CTcr, shouii, that aUhou^jih the assumptic^u of this rule may iiol 
lout to serious errore in pi'sctice, and althoujsh, coiiaecinently ibftQ 
it but little Having of fuel in performing evaporationa at a low 
temitcnturc, yet that it is not strictly correct. In reality^ the 
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F latent ami of the flcoiinh)? k^At incrf^JieA aa the tem- 
peMniV riw^f fnr **ju*h il<^gro*^ F,, hy n ronrtant i^iiantily, «<^iiaJ 
to 0'"3O5 : thi* tnny Ixr wh*ii in the nnhjmnwl ti*blc, in whi(?h it is 
Mmtmrcl tlint tliu ^ctt-nhk heat of vtcmn inny be neglected for all 
degrecM below the xcm of Fnhrenlieit 

Latent and Sensi&le Heat of Steam at different TemjMtmlvre^. 






T«u:™i«-». ■ u^i^. '••z^itT'r' 



■vAiJUi hivi. 
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of Alrohul 

of Ktti^ 

of Uil of Turpcntino 



Tt rnuit 1>o Lonie m mind that ujuu] bulks of different liqaicU 
prorlucv* very ilifTn^iit qnaTitiiieaof vfl|iour, Watf^r fumUhr«, bulk 
for liulk, a mueU larger amount Lhan any otb<-r li<|ia(l^ a ca)>ic 
inrJi of water at 212* cipanding to noarly a c.ahk. foot (»f ntnim 
at zii , or more accurately to 1696 times its volume. Tlio ftUlon- 
in^ tal>Le shown tlic volume of ^^>ollt whicli is fumi^lied by a cubic 
incb of four different liqui(l»> at their rc«pcittivc boiling pomta: — 

«i •9*' n II 

■* I9J I* » 

Eqtul Totuinctt of diffurcnt va^iounip taken at the hcnling point* 
of tlietr respootiYO liquids, couboqauutly pooecaa very different 
veighUf for example ( — 

^'6 cubic inchea of Steam ^eigh 9 grains, 

4fi'S ,j of AIcolol vapour weigh 23 „ 

46-5 „ ofKthcr „ 37 „ 

4^*5 u of Oil of l^irpcntiDe „ 6S „ 

The ei|<iii«vir forct^ of the iliffcrcnt vapom*« ohvionsly dqwnds 
upon the hulk: of vapour produced from an equal bitlk of each 
liquid; and although the lati^nt heat of other va|>oun» i% much \cm 
than that of ftteam, yrt no economy vonhl be experienced, i*\-en did 
ttiey cost no more tliun water, by 8ul)atitudn^ cheae liiiuldK for 
vaUT,a«the materiitlft for p^Lierating vapour in tl»e atraro engine, 

E\p(TinJ»'nLH already quoted have sliown that equal volumes of 
aloohohc Olid of aqueous vapour contain equal amounts of latent heat 
at their respective boiling points ; and, aa will he seen from the tablc» 
an approfich to this cquaUQr majr be obvcrrcd iii t1>c caac uf rapours 
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fmni otlifrr liqiiuK TW 4Y)«Lt iti fu^I would ho ]irapnHiouRte to die 
Airmmt of li&t^ut heat in Mjual voluniOH of tlt*^ vapo;irH. 

AVhen ateam of higb e1aAtictt> ia allcwecl fiudd€3ilf to eacape 
into tlie air from a Ftnall aperture, tlie teruperature b so murb r6* 
rluceci tbat the hajid mar he Ijcld in It irith iropanity. although, ss 
U iiuuilmrly knawn> etcam jf the ordinar)- cWticity ol' the air 

K'al(U *cv<^x^\\\ The chief cauBc oftlita 
F(0. to6. mhictioiio[u<inpcrftturoiiitheai«eofhif^l 

ptissure «t««ni is the swlU-Ji and forobJe 
aflmixture of ilic Kt^am irith air nt tbe 
first ruah. l)r Vouiig |at>v©d, experi' 
iDCutally, that a atroam of air or ^a|K>iir 
(fig. jo6, i} slowly escaping into the air 
piuwr-tf Ittrther in an unbrakcn column thoa 
a rin^am i^vuinf!: with rialcture (fig. tod, 3), 
t!ie rea^nioa i^f the Kt4*nm and air one 
a^iufit Uie other, canai&g their inime> 
diate intermixture. So great la the rare- 
faction of air in the axia of the Jet fam 
ita auddcn expansion, that a aohd hodr of 
i!OiTic neif^lit may be auapcudcd in the 
iEFAiiing Ptcaai^ not only when it in ovcapiDf; 
YciticEilly into the air, but even vfaen it 
ia inelinc^l at ta\ angle of ao^-oral dc^recftj 
' fixini tJir pi-rjic^dieiilor. If a talKMcrctal 

iiuJiea in lun|;th he dmim utit at oao^ 
Fi«, I07< eitreniity to a fine ajx-rturc;, uxA 

Ihift eoutraclfd aperlum bo 
placed in tbe aiia of ihi* cotie 
of iasnin^ vajionr, vhilat tJie 
otlicT end dtiw into a 
eciitaiiiiug a hquid, the latter 
may he raided aercn or eifiht 
inche«^ ajid may c^ea be pro- 
jectuf) ill a j^tn-am from the up- 
\ti'r orificti of Uie Ube^ 
aTiiouui of air tbu3i nimVtl for* 
ward ia ao coaaiderai^is thjtt a 
jet of steam ia cniployc4 vith 
^*x)d ciTect as a moiiofe pcwer 
in ventilation, lu tltia otic 
the jet-pipe ia placed in the axb 
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tube* commumcating with U\e Apatiment to be ventiUt«^ ; the 
{fi<)e of thift ouu^r tnbe ift rp|^ht«d m that t1i« ^ane of isL»iiitif( 
«t4^nm «Wk c\actl/ fill it (lig. 107, l); if thr ontrr tuW be of 
larger (Umen£ioQB« a loss of power is expcricDcod in con£i(v|aenco 
of pAii of the force tKriug expended in prodiunng ft dovnvard 
ctmrnt of tlic c\Uni^l air {^); if too sniaU, u Iom i)i expmoncccl 
bjr fnc^ioii Atfiutut Uie «i<los of the tube (2)* 

Th<^ vinrkiiijc of a steam-enpne depend* upon the fc^^^^'^^^ <^ 
dA«tic forfe in tftcam b)' the aiceucy of heat> and iu instantaneouft 
destruction, by the appticsLtion of eold, in an\<t to condcnBe the 
Tnfkoiir; nltcmBtc motion in opposite dirccdotift is tbtu readily 
obtained, vbich may \k U]>pltod bv various mccbiuucal contrirftitcca 
til tluT proiliictioit uf luiy rot^iiiixrd morcmmt. T\xe cbfov^' of latent 
limt U alt-itni>ortiuit in the irorkingof the titeani-vti^ine; but the 
prDrtit<nl applicstion to thU puqxme of the pnuci|k]cB above dff- 
Tek>j]od is b^ond the object of tlilii work, 

{i7j) DhtiUathn, — ^Tbe rapid formation of vapmir durin» 
ebnltitioti is often made use of by the chemist for the pnrpfwc of 
acpttmtini; fbiiil!^ from solicb, a» in the ordinary case of distilling 
ir«ter to freo it (rom the impurities dissolved in it, or for tbt; separa- 
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iioD of twoliquiil« JoWi^h difior in Tohtility, as in separating «imit of 
wine froQi & ft-rniCTitrfl liqiior. (n *wch opomtifMit tlie *m»ngrTT*rnUi 
for coTKlpMPiniioii arquirc con wider abl*! impaitaticc ; tlirv arc of 
various kinds, bat the worm tiib, th? sppantiu most usuallj cm- ^^ 
ployol, cotkwb« of u vpinJ pipe colli'd £x worm, vrhicli i)f mliowii iii 
fig< ic8, Kurraiiiided by ft coiiftidemblc vulniuc of mid vtiier; the 
vii|K>ur \ia*neit from the boiler into tite wonn, \m coiu!i^iu)«d, and 
runs o(f at the lower aperture into ifuilabU rweiwra. Fresh addi* 
tious of cold water an* continually reriuired in the re/riff fTalorjf, 
OS Uie worm and tub arc called, 'tha heat is f^reatcst in tlio 
upper coils irlicrc the hot vapour enters, and as the heated watar, 
from ite itiniiniiihcd sspc^ific ^itrity, remains at the top, it iff necco- 
aaiyp in nupplyirg the fre!»h iniU:r for cooliug, to allow it to enter 
at tlic bottom of the vcmhcI, while the h^jiti'il jtortioiu flow off at 
the tipjier jjart. The object of givii^ to the steam-pipe an ascending 
direction as it pa^es to the eondenocr, is to insure the return to tlie 
boiler of an^ particles of liquid which may have been mi-chanicaUy 
carried op by the hrcAkiiq; of the bubbles in the aet of ebullitian. 

In the liilxtrntoiy vahoLut mofhficat 10110 of coiidcnfter are 
ployol. The n]i>^t <'iiuvenicnt form of appamtuit i:* thnt known 
I^iehig*!}. It cnnT(]!(Ui of un tiuter inrlnllic tulie, thi^>tigh the atia 
which a gltoitt iuix is puwH-il, and a a-up^iiirtcHl ^fy [icrfonun] curks : 
the s^iacc l^ctwtx'u the ivko lubciti Is fdled with water, nhich is ooU' 
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tinuAllj rcrusirrd hy ooM water wliich cntcn liy a fumid ni^^vr the 
lavror cxtrt^mity, vrliilc- tlic bot water c»c&|jcs at the oIIkf ciwI, 
ItiB method of usmg it ui vuffidciidT indicatc<t in Ag. 109, 

Where the prudiih7t« of diatillutioti mrc not very rotuLilo it is 
oftpTi foimil coiivoiiiont to iiukt' uac of tho (n-nporihtioii i>f wvtcr 
from tlic ncclc of the ret<irt 4a a mouui of GaudcinnLtion. Fig, 1 10 

Fia, lie. 




ehova a n^cthod by which this cmi be cflbctc^d; pieccfi of blottiit;^ 
paper arc uwd to (li»tn1>utv the water which trickles slowly from 
the futmel, the thniat of which is i>lmtmcUHl by A pl?!^ of tow ; 
the »ti|>eftlTi<>ti^ water U carried orf into a Jiig or other vt'Wiel 
pbcofl to receive it, by means of a tlllet of tow tvifitcd roiuid tlie 
i>eck of the n*t*iri. T!»i-- pro^t"*^** of the dl^ttiUatioii a habteued Ijy 
Ci^Ttfriii;; the un:h of tht; ivtoil i^ilh a ca|jof hrown ^aiRT or of tio 
pimie ; a chuuiber of hot air i» thu» mtiiiiliuiicd in contnet with the 
upl>cr ]>ftit of the rrlort, niul tho v»ponr i* prevented from coii- 
ilcu«iivg where it woitld nc c owftrily returu u^uin into tlie marw of 
liquid Ktuk-rgoiag diMilUtion. 

The ooiu]>lft<; nfpamiioii of tvro liquidfi whieh differ in 
volatility, i,>antK>t howe^^r he effected by mere di»till-'ht«oii, aa a 
oortain proportion of the le^H t'oUtile one alwayn pevneK ori*r with 
that which i* tlw njore volntile. The wparatiem of ahvihiil mid 
vnt^r, for examjilr, i» never completely effw^U'd hy distillation ; ho. 
caiv^. at 1 73° F. (the boilinc: pciiit of alcohol) the tcu?(iou of «qu4»iu 
vm|tuiir u still cimMidemhle ; iiuh^ed it v» siuffldent to Wanee 
a GolunLn of mcxcuiy nearly 13 iiieltea in height. In the first di^ 
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iiUuliou of u fcmietitcd Utiuor, a coii»idcrflbIc proportioo of ttatcfj 
tliert'forCr Lt^iucB over mIxIi tlio »i>u'it. Tbc ]ca« the amount of 
vipir^t orii^iiLolly coikUiiiicd in the liquid, cbc Iju^t ia the propor- 
tioD of water in the distilled liquor. By n ttocond distillation, the 
prpportinn of n^ntcr in the dintilliito i» rcduc^ntr uiil the jinxxw^i mny 
Lc rcpcutc'd with like HFvct until tlin rcdiu'tion of the* propordooot 
natcx ID each fpucctmvc jirodtict of di»ttIlatioa nc }ottf^ cova 
kfttev for the wuate lunl rx[>fiiKC of thi- 6i«>ration. An iugeniOuA- 
method of diN]>en!niiff >iuh the m-oefttity for tlime frequent 
costly rectific'UtioitH vas devinpd hj a Fnmchmati of thfi nam« 
Adam. By ito int^anH he succeeded at a single operation in earryiTiif 
the DOiicentratioii lo the highest point nltainablc by mere diT^tilia* 
tion. The pruicdpic o( thia invcBtioii consuta in ooiincctiji^ together 
m number of reetifying ehambcrs, in «uch & nuumer that the rapour 
drivai olT from the ch&mbcr nciircf^t the fire abaU condense in 
the Kcoiid, niid by the huit givun ooit in it»condeDBation shall caunc 

the more volatile {nT- 
Fjo. III. tioiM of the liquid of 

the «Tomid to distil 
into the thini chmiitier, 
and lliowc of the third 
into a foimh, anil co 
on till a aullident 
grce of caaevntrai 
b elTected. The 
effcrti'.x method of 
nttainjog this object 
is vxhil>itcd in Uie 
form uf Mil), caUrdj 
from its iiivcuior, 
CojTf^s still Fig, II 
nrprcBmla a acetion 
one of thcae atilln. a 1/ 
iri the hodj of the 
whioh in madi* of co|»< 
prr^ in>d eitoloao<l Jn a 
case of anod, to prevent low of heat -. upon the horly two roluDiha, 
D p. H K, ai'e sui>poned; <j \% the vessel from nhirh the liqnoc 
for distJIlntian is raiaed by the pmup. q; the Uqiwr niUn 
Uie column b k, by the lonjr ^jj pipe l L, by which it if 
ultimately cuuvcycd, throuitb ttiepipe fst, to the top of the coliUBO 
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D P. Tbe hcftt cnnplorcd in the diMilUtion » not the direct 
heat o( tk Arc, but in procitrrd hv mjccting ntcnm obtaiiH>d Irom 
m boiJor iiot nhou-n in tho fi^irc. The ftcnm crnt^^re lb« 
hody of the Btill thron^h the pipft ji ; the amount cf f^tonni od- 
mittcsl bcin^ rc^idntoil hy & rmlvt^, the hita<tle of which in vhovrit ftt 
W- II u IB <Uv;ili^il ijxut liffo rhanihoi^^ hj- mi^nnii nf n n4)|i|HT ftliclf, 
|)i«r^ vith numrrraiift mnnll tir^l^ft, irhieh allow the psMogc of 
ftti-uiii upunnU, hut whirli at^ ^uificn-ntW amtvll t^ prevent thi^do* 
Hxni of aiu roiL^ilta'abk L|uaiUity of liquid which may lie n^tin^ 
apoa tlie ahelf The »team at ftrst goikLchacs in the oeld luinid of 
th4? 1ov€7 rliauiber, but quickly raises this liquid ta the boihuff 
pLtint, ibiving otl tht* atoohubc (H.>rtions firet, us tbcy arc the nio9t 
rohtilc. This vapour travi'r«L<Js the liquid which it«U in a', on the 
prrfomtod ^hclf, ami tjradiially nustw it to the ljr>iltii^ |M)iritf driv- 
ing ofT from it the itlc(>hot ia ^a^Htnr; ifija va|>our pawH-K off hy a 
{upe, t, to the bottom of tlie coluiim d p. Thin cohunn ia divided into 
a aeriea of coniiiartineiiu, hy perforated shelves of eopper; each of 
these shelves ih provided w itli a pipe for carryin;^ off ilie iiqiiid to 
the shelf below, Thia pipe projects about mi inch aboTC tlie upper 
VUlfacc oi' eaeh shelf; a fftrntntn of li^iiid^ about £tu inch in dqith, 
u thtu fvtamcd span each ftUtrW, and \» tnvcn^l by the vapours 
which uAf^ciKl from th<; «helf next below it. The wath, or bquid 
for diictiJlation, having IXTioine liealed ilurinjc \x» parage throu|;h 
the apliml pipe iti the cohiinn n k, thuA falla i]|k>u the uppermost 
perforaced shelf in n f, ttows ofT at the fanbcfit end of tliat al>e]f, 
and thru Calla upou the ue\t shelf; thcatv it paMca to the third, and 
40 ou iu flucocaaiou tu eaeb »Iielf : aa it dcNxuda, it t-iicouniera 
th« afii:ciidittg iu}H)um, wliicb at each aucocasivc step of the a:wc?ut 
hccoiuc ruure and more alco1it>1kC' — the wn^h m it dc«cciids becauuug 
iFcakrr iwid weaker, until when it rcarlic-» the vcwicl » n , it ia wholly 
deprived of spirit. If theqiinntity of tlic M^etidiii^ va{>our thoidd 
become at any time too gn^at to paut through tbc |>eHbr4tioti« in the 
ahtflve*, the preiuiire opt'-iut the valve* t t, wluch are provided for 
fccurity in ««eh vhc^tf. Tlie vajjour having reached the lop of the 
eolmnn d i% in eonv^yed by tlie ateam pipe i i ti, to the liottoro of thcf 
linikhtngeolunin, or neeti6i-r, H K. The lower pnrt of ihiAeoloiuii, lu 
higli as llie pip<) v, ih eoix-4lmrrted exactly upon the sAmc pLiu as the 
column D F, but in each compartmcikt betwecu the ahclvcs the 
spind pipe l l makes limx or four conix>li]tions, and thus be* 
eotues wanncxl by tbe ssccndiiij^ heatcrd vapours. In thi« second 
column the spihtuons fluid distilled over from the Gn»t coluum thus 
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Mid iHTiimr^ mfti* iiiwl more coiipcnimK'f! by Umj iwrctit of the 
jiliiilitilic vjiiMiiint, which, by their coiidetiHatkm ut cnrli snoccMiTie 
btAjCC emit Kuflicient of the heat prcnonalv held latent tocfEcct tho 
dit^tilUtbD of the more rolatilc portiotu of xhe liquid by which they 
are cauclemed. The five up}>cr i^lKrhcv of this colnmu merely act 
as a condcniKrr for the alcoholic vafioun ; the sbelrea are out per- fl 
foratcd, and arc atta<-hu<l to the nitcraate ndcs of the column, har- ^^ 
ing a nurro^^- pax-sage itt one eiid of each aii^, so as to ohh^^c the 
vapoitn to di^rihc a xig-?^ dircc^on ; tlic pipe y carricfi off the 
fiiii&hed M|>irit into |m)}>er rcccircj^ ; the pipe a carrier off any tm- 
cuiidfiised r<|iirituoutt vapour to a rchnji^ratory, whiUt the weak 
spirit nhicU reacheB the lower part of the eojumn >& retunird to the 
Tessel o. The tpent wa«h, as it arcnnmlatc* in b b', jh drtu-n off 
at interrals,, nud the etitl can tbtui continue its opcrutious uithoaC , 
iutcnuisHion. M 

(176) Evaparatwf9.-^A}1 liqiiida^ nt temperatures far below ^^ 
their |)aiiil« of ebullitiou, eniil vapour hy Hie tranquil proc<«s of 
evaporation. The amount of vapour ^iven off at a constant tKwpcra- 

turt dilTcf* frreutly in diftm nt Uqalfla, 
and i« dcpcudent n{H>n the tempera- 
ture at which cai^U li(|iitd buiU. 

The great dilTerence in tiw volaJ^ 
tility of hquida at the same tetnpo^l 
mtnro in .-<trikmg]y t^howii hy Bllii^ 
a nutnlferof Ijnnjmctortubca (fig» 1 1 a) 
with mereuiy, and iurertia^ them in 
a bath of the taisc metal. One of 
the^e tubed (i) may be kept aa a 
standard of reference; if into one 
of the Cithers (3) ji few dpo[« of 
irtaliT be allowed to aMXUid, an 1 
iniinediatc dqire^sion of the eolninn 
of inen*iiry iu observed, due to the 
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ela^tieity of the ai|ucous vapour fur- 
nished by tlie evaporattoQ of 
Welter. If into a third tulie (j) 
jdeoliol be intrudncerir a frreater 
iiqirtwoQ wiUbc]iercq>tJble; IhsuI- 
jjhiile of nu))oa in a fourth tube (4) 
will produce a still gnoter c)cpi«s- 



•4 



TtXllOy OF TAVOCnS. 



Ml 



lion, toid if etkcr he aclmitteH to n flftli, tlic lioight of tli<T utt^r^imul 

ColuiDD wiU b« ttiU Ip8«, Nov )c*c A '^coikd wider tube olosod below 

b^ m cork He placed round th<? 4>3[trru>r of ftny ono 

df thrHC tulirft, «o AM In ini>1fiM> ii4«r]^v its irlinle Fio. 113. 

length, an in 6^. 113; h-t tho mitiTr rnjtf* thtiA 

fbrmod be fi!U<4i vitli wattrr, th^ tintiju-naunr nf 

vbidi i» graduaUy rwed, ao as to coniiuuiiiojtte llii? 

heat unifomily u> the tube witliin. A i>ro|*reBatre 

d<pn»«ioii of tic mercurial coIiudu is thuB pro- 

cluml ; And by mcfieiiritig the uuotrnt of this 

deprv^ioii it U found th«t tht.' chuticity of tlic 

Tapoiir emitted flrom emli liquid iiicreuci u the 

tcmpcnture rises, until &t the boitiug point of 

the li<juid the elasticity bcoames ef^tutl to that of 

the AIT. If the temperature iiieivuse accordiiif^to 

the t4*niiitof an arithmi<tic ratio, thechutirity ri»os 

acconliiig to tbc trrm» of n gt'omdrio pn>gre»- 

siOD, the TuCiu of which ditfer^ for eaurh liiiuid. 

( 1 77) DuUon's Late of Tenfitm of Vapours. — It 
w&s&ssumcdhyDalton that the tension orelDiFtidty 
of all vn|)oiirsvras equal, if com |xurd at tciii[Krrature» 
which r<-|irr9CDti<d diUVrcucw of ^ui cciual utmiher 
of drfpxx* aho^v or bclovr tlic bijiling jKntitji of 
their nv|icctivc liquidEi. TbiB biw ia oot ntrictly iu 
aocorduicQ vrttb tbr resulta of (experiment- Hon* 
e%'er, for ahort distanced above and belou' the hoiliitg 
XsoiJtt) it ia wry uearlir true, cxoE^ptiug in tlio 
caae of mercnry, and may be employed for t!ic 
purpoac of eoiYoctit^ the ohservntioux of th4^ 
hoiUiiff pointa of liqiiida nude at atmo«plii*ri(> prAumres, whieb are 
but Uitl*- alhh^ or htlow th»? Alaudjird of 30 iiichejt. 

Th(> f(>llowiug table exhibits the elaatidty of the Tapoura of 
five different liquids at corresponding diataiiccs abo\-e and bclovr 
tJieir boibnf? pt'inta. The ether used in thrtm experiment* conld 
not hftTc been perfectly purt, a« itjv tiuiling pi^int i» too bij^h. 
Tbc boilinfE point of nicrcurip' wa» e.Htiniat«d by a nLercurial ther* 
tDfkaitier uithdiit ei.irtx-etiou for tie iucreaain^ rate of expansion 
at hi^li tftmjici'ature^. 
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Tennon of Vapoura at equal distances from ike Boiling PoUUm 
qf the Liquids. 
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The increase of elasticity produced by heat 
in those vapours vluch are in contact with the 
liquids by which they are furnished, indicatefl also 
a correaponding increase in their density: the 
one may, in fact, be calculated firom the other. 
When the temperature is reduced, the elastidtj 
falls, and a portion of the vapour is condensed. 
Tliere is, indeed, for every vapour a maximum 
density for each temperature which, when tbe 
liquid is in contact with the vapour, is speedily 
attained, but which cannot be surpassed^ no mat- 
ter how much the pressure to which the vapoin 
is subjected may vary; an increase of pressure 
immediately condenses a part of the liquid that 
had evaporated, and a diminution of pressure ii 
attended T^itb immediate volatilization of % 
fresh portion of tbe liquid ; consequently a cuIhc 
inch of vapour of any particular liquid at any 
given temperature, is always of the same elas- 
ticity, and possesses the same weight. If 
small quantity of ether be thrown up into the 
vacuum of the barometer tube, represented io 
fig. I J 4, the length of the column of mercotr, 
a b, above the level of that in tbe bath, wfll 



LIJtIT OF BVATOIUTIOTr. 



coDtinue ttie tttne »h«thfr ihc tiih<» he niijipd or lonTTcd in the 
ORtrr TCfwi^l; ir it W nii^rtl, frvsJi f^thi^uill rvmpnratr, if cU^rriwnl 
part tif tbc vajnur will 1h^ t-niKk'tiKi^l. 

078) Limit qf EmpM-athn^ — Frum what lifu jiwt been ittAtLtl 
it mt^it he fiupiMMed that all fluids, at rveii the lowest t<^m|K!ni1urcflr 
were cof^tautly ewitling va|ioLir. That tncrcury ch)ea so at com- 
moa aliiK»i>heric temperatures may be shown by a very simple cx- 
perimcut. Pkcc at the buttoni of a bottle a few di\>pE of mcrcun-^ 
ftcd ftuspi'itfl in tliu ticTk a bit of gokl leaf; in a few wcckit tlic lower 
porliLiUK of the #£ij|cl will l>e(*om<' white from the etmcU'iiKatiun of 
tlieva|)Our of mercury U|h>u it. In tlie tube of a wdl-inadebtiroiiLCtcr 
tl»e bamo tlimg tfl flhovo by the fonuation of a dev of mctallio 
globnlcfi in tlic space abort the column of metal, Fai-aday has, 
howncr, proved that there is a tempcmturc l>clair whicli this Tola- 
tilizntioti ccu«c?t, u tempenLUinTwhicli vArie»furd]Heruiit«uWtajiee«: 
for DieK!ury tlie Limit b at>out ac'^ V.; for Milpburic acid the limit 
ia much bicker, since cbeadd imflei^oeH no i^cimble evaponitLOu at 
ordinary atmoepbcric tcfuperaiurcs. The cohcaive force of the 
liquid here npf >cfti% to overeomc thr feeble tendency C(j evaporation* 

It U iiik>t iicceNAry f(>r the evitporution of a l>ody thai it eLuuld 
be in the liqaicl jlbrui. Ciimphor riocs in vapour fimm the lolid, 
mnd ooiifU'UBco in a irrrvt^iac form on the skXtts axnl upper pu-t of 
tko veeocl which contuiiis it. Ice, if mtroilue>(^ luto tlic vacuum 
of a btrometer, iuuuediatoly e&uaea a depreuitia :>f Uie mereurnl 
ooluntu nnio*inting at ^2"^ to upwards of iH buiulredths of an iiich, 
and rvcTi at itrro ibr tension of the vapo;u" <*f iee is fo\uid to 
Rfuouut ta 4 huitdrrdtbM of ad itteh. It in owing to thift evapora- 

Rn that patclica i>f «nnw and tiiftM of ire nn- ohrvrrvcvl grAdindly 
d^Bsppcar «ren during the eouiinuiuicc; of m t^.vere frast. 
It has heeo ahovm that if tlte leuiporature of one of tJie tubea, 
Dvn in &g. iimbiohcontainaa vohuile tliLieUbcuiufornily rai»c<) 
throughout its entire tcn^h, the ehistieity of the i^pour rapiilly 
incrvnM» till tlie liquid renclie* \u lx>iJiuf; |H>iut. Tlie application 
of heal to one portion only or the tu)>e, hot^e^er, in aitcniied u-ith 
ft very difieitDt reeuli : the hiiuiit may even lie heated to cbulU* 
taoo, and it will distil and be cx>mtenae(l, but imleaf the whole of 
tltat portiou of the tube which is tilk^d with vaiuur be heated to 
tiie fame di^ree, no conrepouding luciru^i-^ of chu^tiaty will lie 
ob^n-vd : the tension can never exceed th&c <]ue to tJie chudjcity 
of the v^Mur which would be emitted by the liquid vUirrh is at 
tbo wuDC tcuii>enture as tluht of the coolest portion of the tube 
above the liquid; because the execs* of vapoui is at ouce con- 
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drDMrd aa ftoon as \i readies tbi» colder port of llic Hpacc> 
rl1«crp for example, in the b&ronictcr, may be made to boil by t!i« 
lieai of cIlc liaiid, but the height of the column of meiVTiry under- 
goc liUl« change; the oilier vapour hcitig condcrtiMd in tho oolder 
portion* of the «|iflec lu mpidtv as it i% ptcwItionI-* ^M 

{ I ry) Cirrtittuitiiitr^f fc»/ricA Infltifttre Kt'tipttrtitiiW. — In ^(w^ 
^vrot'^'H* of evai>onLlioii the vixpour i* siipiiUcn! only fmm thr viirfnce 
or siiiierfiml layer ef tbf> lirftii^L Tt is thrrefore, i^iilcnt thiit 
the extent of surface cxiioscd must greatly iofluence llif umnniit 
zm\ rapi<lity of c^'aimmtimi, independently of the temperatun*. 
Now if the ctaporatinc: siirfaor be in any way protected, »» liy 
allowing; a uniAll qunntity of oil to become diffiD^l over it, 
eva[>0]iition U entin^ly xiiApen<led. AdvEntn^^^ U itocneiinics tal;€H 
of tbU fiurt in the laboratory in eases vbere it It ii4*cofwanr to 
Bialutnin a fteulle heal for many hours: the vesael lo be ki-tiicd 
is supported in & larger one eonlaiiiing vatcr, upon tlic top of 
whidi a httic oil hiv^ luvn poiuvd \ nndiT these eirciuttstanees the 
teinpersilHre i^fjtiiri-d i» kept up by u nnaller ncpemlittiru of 
filial, A5 the escape of latent heat by evaporation i:< prorcntrd, 
and the danger of the water bjitb bceoniing dn' in nbvtat 
When, en the contrary, a raijid evaporation is neeewary, 
largt* extent of Hiirfacr i?* rtpo*ri1- In the miU iiorks of i 
fbr UiHtunei', iht; brine in e\'u[H>rutii1 in fthaUrtw pnn«, four or Ht 
fi;et uide wid forty or fil\y feet in length, the fm- iK^ing li^hn^d 
at our i^d auti tlie flitt- jjaaAiiij- hurb^ontally inntertieath to tl 
other extremity. At SahbTUg, in the Tjrol, the oaiuc object 
effected by pumping the wcJik brine into ie*trvoitft, ntu;ucc it 
allowed to trieklc down through ctnck** of brofhwood, liy wl 
meami the Kurfaco (*xpo«ed to evnpomtion in the tnr is ohnodt xt 
definitely iuercuHcd. In tb« wr^uthern partit of Europe the 
water is admitted into extensive »h;Jlow pan* cxo-arnted on the •*« 
coajit, wliere by expo«nre to tlie (Un's ray* it h(!«?amaH rcneeotralcd^ 
and the salt eryfitalliEcv ouL 

Another eircumstaQCc which inf!nenres the rait of evaporatinn i* 
the unonnt and nattirc of the [ircAiiurc upon the surface of 
fltud. TTpou this faibjert n aeries of rxpcriments 'vrts made 
Profcwor DanioU. He |»laced a eircidar di*h of water. 27 iikdtf" 
in diameter, under a reeeiver counectefl witli tlic air-pump, 
anppoilod above a dish contaimng concentrated Aulphunc 




* la th^ Appondit will br fdund a tab!*, ^viii^ Um ttfluion of 
viftpotir for each d«^ce F. bffCv««a 0° tod 100 . 
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tlu^ ohjfct of dring tike ad<l bong to abworli the a(|iiooii« vapour ut 
But XK it vtikM gcttenieA : tht remits of tbeie experiments airo ^vni 
in tbe following tabic: — 

Ratf of Evaporation under D^ererU S^rtsmtres. 





Orwot 




Biftpontfna in 
Umlfu- 


30* 

3-8 


9" 


1-9 
0'9fl 

C47 





The time in each experiment was 30 miuutc^ the teraperniure 
4^5^ Y. It i« obtiutis that the rapidity of cv^pumtion under these 
cireiiinHtJtticc* vna> iuvertch- tu the prcw^ure, which wm itiuI ulf 
u{)Oii the gati^. 

The reuatance offered by the prewun^ of a ^-t or rapour upon 
the suHaec of a liquid xa purely mechatiieiU ; aud ic foUotvs aa a 
noccsMiy ojn*cqucnce t>f the lair of the diflWon of gasc*, that tlie 
quantity of tAj>our vtliiob tImm l\x>ni a volatile Ixxly in u confined 
spacer ix tlic 9>anic vrbetbcr that apAcc be filled w ilh air or not The 
time that la occupied licfore the »pocc sihnll bavc reanve<l ita luU 
oomptument of any ^ven rapoitr varies inversely with tho pT>»Emre ; 
and with different vapours uud^r «imUiir prcMiuriMj the time rariea 
with the dtffiuiveuMS of the vapour. The vapour, aa it nnce, adds 
itft own elAstie force to that of the air present. When a litjuid 
avapfimtei^ tnio an empty 9]>acc, tbe fnll claHlieity due to the tem- 
jUTUtiire and, <vmHei](»rntly, the mR^imnnj drnnily of th** vn|Kmr ia 
acquired at otuxr; but when it evapiinit<<n into a jciui, tl)»t decree 

, of deEisily Lft not ai^iutit^l until after the lapsit^ of a variable int^o-viJ 
of time, llifi circumaitance which in lK>lh eaae« filially limita the 
c^'aporation of the tiqtitd, is the pressure of its owu vspour of a 
ddiiiitc degree of elasticity upon it« surface. It is, therefore, clear 
tluit the larger tlie proportion of moiJstnrc thnt \v- contained in tbc 
air al luiy ^ivcii time, tbc smaller will Iw the quantity of lupieoua 

'Vapour tliai rises from an ex|x)«ed »uifaee in a ^ven Unw; aud that 
in proj>ortion aa the space i^ more nearly charged vith vapour^ tlic 
more slowly ie each succeeding portion of rapour proline^. 
Crapor&tionr in short, is more rapid in a dry than in a inoiat 
atmcwpTicre, For the same rca?Kin e^njiorution |*roce«ls more 
rapidly dunug a breexc than in a ^till air: tJie air resting on the 
BUflace of a hc^uid mxiu becomes eturged to the maxiroum with 
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vapour, and tlim all furtlicr cvAporatkm iroulil c<mtG were it not 
for rirculiitiiiff iuoi\rini^it«, vrLicb ctco in iIm* trtilk-ttt w are oc<a- 
a~Lonp<l hy the chAnj^o of <l4^iHi1ir iluv to tUo accoMioti of moivtutx- ; 
tKe currents pTyvliicivl hy a breex^, awu^t eheae movcimmU, mul 
tS*! rnpniir tib(** ititf> |»ortion« of nir which nre h^ing niutiinittlly 

Kv&i>onitmn in » confiTiv^ HpacL% in whiHi the tttnoephe^^^^ 
kept coQfitantly in a aUilt of flryiu^jtv, u oft^ii resorted to in the 

LaSontorv. Cr\'flUllisttioii» on a 



oliftniJ:c<il, iKi that tlir prcwurc of tlie &^iiroii« vnjK>tir on Out i^iuftc^ 
of tli^ liiiuul is mpidly rrtnovr^. 



fttt. 1 15. 




sniitU scale ftjc frcqttcntly c^^ 




fcvtcd in this way ; th'< Liqnt 
cva|>onit(», and is abeu)rbe<) by a 
niiHnce of Milphnnc ftciil, as in 
ttic exjicrimi-tit of Ijeslie (172) 
Ad Amusement, nioli is t« 
presFDtcd in tig. 1 13, may be 
pk>y<:(1 iov thi« piirpotf. In Ui 
ti^iru, Y \» the phite of the 
pniiip ; % n diftli of uil of ritrio]? 
and T a di^Ti aupponcd hy the 
wire trianpTc, and rontainiD^ the euli&tancp to he drii-d, or Uw 
H^hition to be civM^iallbiiiil. 1*\\c cva|iL>niLioii riiay be rtni4k'rt(l 
quu^kcr or Mower lUTOnliiig to the cxtnit to whifh the cxhnualion 
Cff the rcccivCT i« cnmcd- Wnny romponnthi vrhioh urould he 
injurrsl by c^cponurc to ur, or to & moderate temperature, tmay ho 
dried cffw.-liiJilly m this nwumer, 

Aa a ikeoo«ary conat^queur.-i; of the* ovajvoiutioii which t« raa< 
fiimnlly going on oxQt the entire Burfiu« of the earlti, the aiimi. 
4iphr-n- is nt all tim<>* charged with moifttnre, tho amonnt of wliifh 
is IieTjMrtiinlly rnrying, hnt it ia nlmost nli^atK bellow thf pin>pnfikHl 
whidi e3[|)C-nnii-nt|pvc:H ON tho maximum donpiity diteto thcobftctVfd 
temperature It in owin^ U3 thu rin^nmHtiuu^e that the air ii 
rarely fully charged with Tii|n>iir, that wet hi>di» become dry, mi 
that the surface of the soil, althoiiffb saturated irith tuoiHtorc, jrt 
in n tew hours or days becomes parched and dus^- By tlic pro- 
CfiM of cvn|H>rnlion from the suHWc of the land •« wnM n» at llic 
ocean, a natural (liKlillacton i* ihw^ in cuutiiuial O|>cr%tion, hy whick 
3 perjietual rinniLatioii of water l» maintnincd ; th« watcra coirrtj'cd 
by the rivers into tlie sea, imjierfieptiWy return into (he atmosphere; 
thcvaiKitu" tiius ramal either asaumes an invisible form, or it flMU 
about in ruaascs of cloud : these are at length irrested, partical^df 
by mcKiatain« and cltr^atcd rid^ of land ; aud bong conikuAoij 
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diwwfiil u fLhmmen, atui suppTy 8t£tro« of vater, which, sinking 
into ihf. [ttvnnu strnta of t\\v Kills burst out na fi]inng« in llif*^ 
nllciTHL Th(!M^ uprin^ in thWr twm fumUli crjtuOJint KupjUicw to 
the rive»> ni»l tlic river* nAcr irngniitig the €Oiuunc» tbroii^li 
which they doir H;:uiii imi;>ty thrni^Ivci into the ocean. Ilie 
fnqOBticy uf raiii, uud varioiu olher iii(^t«oro1ot;ical {ihcuomcna of 
the highest intei"cat and importance^ — in (net, many of the grcftt 
peculiahtics of dimatc arc mainly inttiu^nccd by the variatiouA iu 
the quantity of motaturc which is coiitaincnl w the iitiiioi^pliiTC The 
kaovledge of the qiuLtitity of miacmi^ vnpDtir i^hich t-wU ni any 
giTCD time in a certaiu bulk of nir, l>ecunie», therefore, a problem 
which is coDfiUntty requiriiLja; soLucion for meteorolo-^cnl ptirpoMS, 
Various methods have beca proposed for attainiog this cud ; the 
tuniplctft ami the most accoralc of these C0ia»i»t6 ill tjie detcrmi- 
uatioa of the dao poinl^ 

{ito) DtfU? Point. — S>ince the ti-n»ioti of vapour in m'm' liquid 
remaijiB constant fi>r endi degree of tt^nipcrratun^, and diminishes 
acc?urdiQg to the tercos of a ptomeMc pro;^re&«ioii, as the iH^mpera* 
tare fulhi iii anthauttc propx»^on, the ela^tieity of vapour fells with 
afoltof tcnipcraiurc! nton; rapidly in propurliou than the tcinperAtiirc 
decliiiai; and it in cviilciit that a rccluclioii of tcnipcratiii^ in a 
ffpaoc already charf^ to the rnoximuni with vapour, niitat products 
a deposit of moUture in the ]it|iiid fonu. Stich a ri^dult, iu fact, 
accords with d^ly ohi<-rvation : ibr oxuinplo ; when a gU^ of cold 
wat«T IB brought into u warm ruom, ita »ur&oe beGOin<e bedowd 
with momurc. Now thi» obvLTvation has been ingeniouidy turned 
to aocoimt for tlic purpose of Lleterrnitiing the quantity tif laoiKtitro 
pm^nt in thi* &ir ^t nnj g\v<*n timi*. If the mid lujuiil he jiounsd 
fri>U] one V4WM^1 ti> another, it» temt>eTntiire will Ikt^ i^riulually 
raiaed ; the ipi^utity of dew which fnmi!« on the outddc of the 
TOBcl into which it b ]ioiin-cl will become lew and lets, luitil it 
Gcssca to form at all. By noting: uith a senaitivc tbcrmotnetcr the 
ciant t4unpcraturc at which this formntioa of dew cea»cs, the 
icnaion of the aqueous vEipoiir present hi tlie air at that jteriod can 
he eaaily awsertaincd from tables coitstntcU-d for that piLr^)osc, aad 
the oontsfMntliiig iiroportion of moL»ture calculated. If the 
temperature of the air at tbv time be noted, it is cnaf to dieter- 
mine the addidon^ proportiou of moteiurc winch the air at that 
tituc in capaUc of taking up. This compuri^m i» generally made 
hf calhng tlie quantity of invisible vapour ^^\txQ^x it is possible for 
■ir to retain at the purliculnr tempeniture at tlio lime of obscna* 
iiOQ looo, and euknhiting from the observed dew point ttiv pro- 
portion wh)o1i tke amount actually present bears to that wluch ni^it 
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exist at thai t^mpcmtTtro. Fnr rtnmplr^wWn thi^ bit ia mt 6cPV. 
the det£ point may he. n^ Ifivf iw 50"; tluit la, tKi^ t-'inperaltuv «t vhicifa 
dew begins lo form is ^^o*. On n^fert^ncy? to the lahle, Jt a^iiirarA lluit 
tike l«n«ton of \-apour at ^o*^ aitiomitii to c/jig inch of memtry^l 
wliile ut 50^ it i» equal to only 0.161 , Now tUe qnantity of r»poui^ 
is directly ijro|>ortionccl to its ten^n, therefore by proportioa ^— 



« 
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0^519 : o-$6i : 1000 : <r (== fiys)* 

^95 ■TP''^^^*^^ ^^ <lcgreG of almo3|>h£7ic satoratiou at the time c^ 
obtti-niitioij. 

Practicnlly, however, it is dedirahle abo to know the sctual 
Ttite of tvuporntion ftt tlic time, as it i# thi» whidi in grtAt 
measure deleriiiiiic^ th^ iiifliicnc-c of the utmrftphere uytou the 
human bocly, and 0|>oii the subntjuiccv ex]>o»eid to ita influence. 

(i«i) DanteU's Ht/ffrcmfter ; Wet Built Hygrometer.— 'VUe 
method of obserrin^ the dew point at>ovc mentioned, altlioiiich tt 
ailiin!!! very exact results, is tedious in practice. To facilitate Uiia 
opifruUoQ, A beautiful ]i»tnuncrnt woa contrirod by tlw late Pro faw or 

Dnuiiill and t^-nueid hjr him tl^^f 
I^if'pQint Ilytp-vmetcr, It COIM^ 
n^ta cwentiahy of a ainall crjo- 
phorufl (%. 1 16}, ooutainiiif^ cthvr 
instead of water, 0110 limb of 
nluuh, Cf is lougOT than the other* 
and tonnirj»i(cA in a hcdL A which 
IB Tiiiidc of blArk gluw for the 
pitrpfuu^ of rrrtdorin^ tlte inonn^nK 
nt whiHi lh(- drponiikm of dnw 
ooeurM [iiore re^uUly obscrrahle. 
lu the Iciti^ limb of the infitninkcat 
is placed a scnsitivr thcniKinn Mr 
d, the bidb of wbieh is part] .1:; 
immemcd in the ether. The«eroiKi 
huU),fj,i]< covered with muidin. In 
conntriKiitig the ajiparatus, the 
ether ia boiled to expel the air^ 
and the instmmciit L« liennrti- 
Ctttly scaled whilst the ell^cr h 
fttill boibng. When the instntinrDl 
u to be ii»ed, tlie ether ia driven into h by wanning the bulb a with 
the liaiid, and the instrument ia then piaeetl iu the clip A, o» tbfl 
tap of the stand ff. On allowing a few drops of ether to IsU un 
the mustio, the vapour within the ball a u coodcnsed by Uic 




rcdudioQ of icmpcr^ture oocnsianeil by the njiid cvaponttion Uiha 
produced OD its outer eurfnoc ; ircnh vajK>ur rU«a from the ntrCocc 
of the ether in th« bUickoi>«l ball, frotu cbc dirainiAliod tfrkMtioity 
of tho vtt(koar itboTO it; the tompenitura of thin other and of tliG 
bftll in contact vith it U lotromd, an^l itopodition of dvw commetiocA 
on th4! mirfttfc i>f tJir blrn^k hall in ihc funii tii A nng, vhidi 
enmeidttt TiL}i iW lewl of t!u*oth(?r. Tho mom^a that this oomw, 
tlie teiD[ieT«tiirR markftl by tin* inrhul^^il lljermomctcr. d, u> 
obKnred. It ia, howerer, pcMaihltr^ if the rctUi<:tioii of tcmpomture 
hiift hccn rapid, that the \om of heat maj not be perfectly uniform 
t]m>iu:boul the ether in the black bulb, in conscquoacc of which 
the irmiicmture indicutvd by the thermometer d, nifty he % little 
too hif^i; it is tlicrcfon; vti\ to observe tbc tanperaturc of rf, 
a «ci^ud time at the nu>mcnt inheii the riu^ of dew diMippcftrs, 
during the return of the iiistrumeut towards ilie temjicrat;ire of tJie 
sarroiiBdiug nir. This obaervadon will Eoir probably bo »liglitiy 
too low, but Ow mcftii of the tiro will necimittly fiimish thclem- 
pt-mtureof tiie <lcw [joint. The te]iiperutur<: of llie atmoepticrc at 
tlie lime u iikdicati^d )ry the tliennorneter k. 

in making an ob^rratinii thr hyt^rr>mcter fihoiUd Ih: pliUH^d at 
an open window, and a AniaM cai'flbonrd screen should be iutcr* 
po«cd belwccn ihe twn bullis, to prevent tbc VA|)our of the ether 
ftxim extending to the atmosphere around tht? blackened bulb. 
With profvcr caic, the iiistrumeni will yidd ns»uUs of gn^i aocti- 
racy, A t-i-ry ^Hid hygrometer, ou il mniilar prtnctpli:, but of 
lc» portable eoiuitTuttuon, hnst been uacd hy M. Itcgiiault, 

The futtuwiuj; tabic hits been catculatfd from a mcJin of »ctcii- 
tecn years' dntlr obf»crvation» at tbc ^^rdcn^ of the llorticultund 
Society, Chi^iwiek, ukd it displays very strikingly the vurt aTnoimt 
of eva|K>ranoQ whieh is oontlnuslly occurring; and at the ftain« 
tmur, the grmt Auetuatious to which its average amoiLut i^ lisihlo 
at diSix^nt seajtona. 
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Tbe full amount of tlu» evaporation ouly takes place from 
the »orfaoe of vatcr, and then only dutiiig b brccie< 

Other methwls bitre bwn proposed for detenuiiiiiig the qiian- 
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Hty of moisture i>mtf-nt in Ute atmceplvere. Of th««e hy^r^mtigrtA 
OA Hiirli iii«tmnierit8 nrp called, one onJ^ 
uciiil he notictnl hnv ; it goes hy the 
of tlic wrt hnib hitgr^mtiffr, imd i« »koviij 
at fig' 117' III Himjilidtj of action it leaveij 
iiothitix to W ilcvirtcl, «» it coiiHi»tA me 
of tno similar tlieruiom<?tera, % », |iia<?cfl side 
bvfijdc m\ thoftatne ^ttudykf: tlKbidtfsifr, 
of both arc cOTercd wiili musliD, bnc) one of 
tlii'm is kept constantly nioi*t by nirttnA of 
the capillary acticu of Ji few fibres of cotton, tf^ 
wLicb cotiiirct it « itb a iinmll veAael, a r, con* 
t^niijg water- Th<? rate of evoporalion, oad 
cciiiEc;|ueutly ibe dcpreasioti of tctDpcrutunij 
of tlic mou^tcncd buLb, will be grruter 
pro})ortion u the atmonphrrr i» furtlier 
itA iKiiiU of sntumtion ; and tables have I 
^i\-eai for flcu-riniiiing the degree of saton^ 
tioji for all difrereiice»oft«mpeninirc within 
ihc ordinary attaoflphcric rwiFCC. The LJobo- 
iviic ri:«earclMA of llcF^o&ult (Auh^ dc CA*- 
vitic. III. xr. 119) bavo «)ioini that tW ia> 
ilicatioD« of tbi» hygromcTtcr rctjuire a, 
variety of corrrctioiM which c&nnot lie 
rectiy <stimtittHl- The formula wrbicU 
the whole corr^poiLdv beftt with ot 
is that of Dr. Apjoha: /' =/— ^ k 
In tMfl formitlft /' ii» th« ten"mn of 
\M thr dew point,/ is the tcDwm of 
At the obncTV€«) temperature of the air, d is 
the diffcreiir^ in ti^miM-mnirc of the two tIien»omcCcri« Klj U a 
ooufttant ixjctltciciit f*>T tli^ stitcnfu' heuti of air and steam, p u 
the ohftervcd bciglit of the barometer, 30 ia the mean height of 
the baronicicr, ^1 

IAt. (jb(tihi*r, from an cxtcDsivo flcrioA of compariionA madfl^l 
at the Gri'rnwich Ob^cnatory, between the wet bulb bygromettr 
and Daiui'U'}) itieitnum^nt, lonHudn tliat the dew jFoint niAv bo 
ascertained by mu]li[j1yiitg the diftercuce between the temperature 
of the dry and the wet hidb, by a number depending upon tht 
tcinpenturc of the air at the time of obserrBtioii. 





LiqVRrACTtofe and soLiDiriCATia?! or oases. 
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TTtc numbcra wliicli ht given urc oontaiaed ia ibc following 
tabic :-^ 



DrrWb. ) 

Tampmiiiir* 'W.j 


yi.Htjt&v. 


■i.t^S^Jhr} »^-t— . 


b«low ^4 


"■s 


35 to 40 


*'5 


" »^ to 2A 

a6 to 1- 
37 to an 
l6t«>9 


i1 


40 lo ^5 


J 'J 


45^^50 


i*i 


61 




a^o 


5'9 


*"7 


5"7 


60 u> 65 


r^ 


^9 (030 


5"2 


65U>70 


301*31 


*1 


70M>;5 


<'5 


31 103* 


3-6 


75 ^'> *^ 
do to 8$ 


'\S 


3at*33 


n 


10 


33tt>35 


rB 







(i8i) IAiiHt:fat-twti and SvfidifiariMH 0/ Gaspjf. — VnjHmm wrrc 
formrrlv ciHLtiilitinl tj U- c?wimtuillv tUlTcrt-nt in llicir luitun.! fn^m 
gaatn; but couifKinti^i'h' rcix'at e;(|iL-nLiiciJls, |*articiiWlv tU<»fte liy 
IWa^LAy, b«vc shown Uutt tbtr difTerciicc 1>Hwgcii giucs and 
vapoun ifl merely oi>c of <1egiT-.c, Uiulcr bin skilful iiutLupiilAticni, 
nnmcronB giMo have been ivditccd to the liquUl i><tjAtCr ai^U not a 
IW have even biHTti obtaiiK^ in tho form of aoUda. Some f<?w of 
tlie gtucK lukvc Ktill n^isttx^il tlii? b^t ibniHctl attempts t*> liquefy 
tbcm ; bjit it Piui liiinMy Iw; il<iLibtisl tbiu uU ga>B« rouy t*e n-gardod 
lu tbe vapc»iim of liqimU of an eitrem^ly hif^h (U^ree of volatility; 
&e liquitLt iv^tilUng from iKc condciutation of gaMs boilitig at tern* 
peraturcs far below the ordinaiy atmoepberic range : vapoun, on 
the cotttrat^, may be cou£tdtxccI as Ibc gnxcA of liquids of com* 
pEunlit^lr low ^x}bbtility< 

SiKiLT of t}tu igoM^ are li<]uefuil>l« villi much K"'uti>r facility 
thflu otlicnt; tbr iiiatauce, a mens rediictiou of tlie lent |)(^fat lire to 
o^ ¥., uiffice» to reduce 6ulpHuroiis acid 1^ to tbe liquid Ibrm. 
&Iauy gOKB, if peiicfBtcxi iii strotit? tubes, uudcr a piTsaurc of xbm 
ovn jurticlcf}, Ioom their ebutic form. In tbi» vny corfvonic acid, 
CTWWfSVti, aiul ni:iny others, luive Ix-t^n UqiK-tlrd. Ihii in other 
cwo^ a ctimtnitatiun of the prtsuure obtiLJued by mcaiu of a ccn- 
dduin^ fringe, with the application of an iutenae <lcgrc€ of cold, 
baa been requisite. 

• IMirn thfl ilrw point wnn railciilAtcd Iit Dt. .\\>y)hn't formiiU frcm llie 

trtiff di^w poflut fiimiihrd bt naniclVji iniitriimpat. wt»n? fouiul iu t^To ycara at 
Orpwimrh. to bo —,!''■<> brtVi^m fi^^'nod To^and + 3''-Cbclw**rti75^ftTiilHo'*! 
ItliiUt llkcculfnuodillVrviiofi hy OUivborH fictorn uri* ^.^^'7 l"*tT^**in 73° sad 
ft9''jim<i+ i;H bflT«Ti 7*" ami 83*- — IDomt^W* Mftwi'oh^^, toL iu p. 100.) 
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Carbonic acid is inaiiufactun^ in lar^ quantities^ and Mani 
up iu the liquid form^ ia strong ^Tou^bt^irou vcmcla. Tbc ap|** 

ratiu uacd fbr 
P'**' "8, 11,15 purpose w» 

WicT. A niodi^- 

_ii- - ^_, ^^. ratimi of it is riN 

£ jT ^Bl presented in fig. 

T I i A ^H^ ''^- It coosuts 

of two vi'ryrtiong 
hollow qltiHlen 
of wrought iron, 
one of which, a, 
^^ ^^^^^ is cniploml a* a 

«R^| ^^^IH^& n^ort for gcne*fl 

Uii? oUnrr, ■, 04 , 

mrluL-ti it b accu*-! 
tim1&te<L Tlio poticmtor, a, L* cliargcci with a mt.\turc of ijib. 
bicarbonatG of t^odu atid f^llU. of varm wator : a Iii-aw tube, c» oob- 
taining I Jib, of oil of vitriol, j^ pautiiiiuly introduced, and the hmA 
of tlic npparntiiA, fiiniinh(*d witli n •t<i|v.(HW'k nf pf^wlinr (loiistnn*-. 
tion, xtt spw'wehI chiwn anrl it^ndi-ird light l>y a iiiiil*"ii wiuJ«t. Tlic 
gi?n^ru1f>r ih th(*n m-iTNi**!, mi ii» tn mix thfi materials, wJil*-li, by tlirir 
reactiou, liberate avrlk^iiic a<rid ; tliis gas accumulates in tlie upper 
part of tie veasel, where, by its own pressure it b liquefied: a 
atrong tube, e, is ficrcued on latcrall): to both vessels a and ii. ami 
connect* ihrm togcclicr. llie recover, ii, is kept cool by being 
inimerse<1 in melting ice, A« soon as tin* iitOfT-c^oc^kK iire opciwl, 
tJie liquefied ^h di^ttilfl ctveT; the stop-coi-ks are tlien eion^t. the 
vesatb x aiul b are separated, nxid a hc&h oliur^ is imroduied into 
the pencmtor The same operations arc then repeated, tiutil a suf- 
ficient qttnntity of ihe liquclietl giis has been obtained. Commutu- ^ 
eating nith the iitop-i^oek of the lee^civer, is n tul>c^ b, which {ioimoi 
down nearly to the Imttiimof tJievcit»e], and termiiiatea in an open 
e:itreniity, so that a^ soon as the sto|j-cock is ogaeiied, a jet of Ifiie 
liquid acid u, by the pressure of its own Tapour, Eorced up the 
vertical ttibe* I/, und it escapea* i'rom. the vessel tliron^h a fiae 
noxzh*, r, which is sercvrcd to the stop-eock. The issuing liquid 
iii)iuLili^U'1y befciiiH to evujK*nite with great mjiidity; by tlv 
Eticaaa MJ lurgtr u qituntity of latent htrnt 19 cvirrittl oQ* lu tlic 
Cttcapiij^' ^»j tliat a purliou uf the liquid 19 ooutcrtcsl into the 
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«olid form. If tli€ jet of Hqiiid be vtiuAe to pUjr iiit« a c/lindncal 
bnsL, P, fimiiihrYl ^ith 1ftt<^rnl npcrtams for tUci htc paiwi^ of tlio 
gbu, tlic H>)i<liHLxl ai!id tuny lie »)Ucc-Usl m the form of a flocculcoit 
rlepcKit, of *tiouy whJUrtivKii, whid) f^nuluaUy <-vapomlc« in ttw* ntr, 
vitViout mi<l£rf)t<)ii]^ i>revioitii tiqiierActtoa, Tliis taiy be «e«ti hy 
plAriii)^ a feir flnkt^ of the actd ni a retort, the mouth of vrhirh i^ im- 
inotM^l in WAt^n the gan, afl it riftM iu bubbles, ran thirn be edllectnl. 

If nir-Aua be taken to cut off the supply of heat froai cxtcnml 
objixrta^. by plncmg the solidificil iK.nil iu & ^lzu¥« vcskl^I, corcnjd 
wtlwiiiilly with rWmt;!, ciicliwiu^ thi* in n neomd kIjim, »iid covering 
the whijie nith u rartl, wmd tbu.4 making, iu fa^, an extern itonmcoiu 
kc-pail, ilie »oH<hlied acifl may be kept in open air for some 
hours, Ab will readily be supposed, ihc tccDpcratitrc of this 
solid » citiTiii4^ly low. According to tbe cip<'ritnent5 of Faraday, 
it i» «n murfi iw 106'' U'lew o" F. It may, notiritfaxtnutling, be 
handletl with inipuiiity, uiiil may be put Into vAti,% vntbuut entw- 
ine the water to freeze. Theat? paradoxieal effeetd are, howevrr, 
casiLy e]([ilainc<J. The cold acid never really touebca either ibo 
irater or the hand, lu from the rnpidity witti which it e^-aporates 
it is eou«t4UiUj »urruiindet1 by a brtdly eoniUictiiig ntnio«p1icre of 
h» ovm vujKnir; but if it he renlly brought into coiiiaet with tmy 
solid or lir|uldr whieh may he done by rootsteiuDg the .nolid lU'iil 
viUi eilier, which h^ a htroiig a<ihe«iou lo carbonic ocidj ila low 
tcuiperatiLre is at oucc uijiiiifcsted, uLid ttiU low tcmi>emti£rc is 
loiuutftiQcd by tt« coiktuuioi cvR|jonttiou, tvhicli coustnutly carries 
cffa Inrgr (iitnntity of heat in tlie latent »tnte. By placing some mer- 
Cury in u l>wqn, pouring on it u suiidl i^uanttty of ether, and ndding 
a little nvlidific^ oarbonie aeid, the mercury will in a few soconds 
be eoni-erted into a fualleuhlc solid, although 1>efure the metal will 
freexe it is necessary that the temperature be reduced as low 
Ml — yj* R If the froTrn merenry W tn^ntfrrrfvi to n ve«**el con- 
taimtig a small (jiiantity of water, the met:«l will \ie quickly 
ihaved, lait spienlie of iet^ will lie fiirn^o^l, idjovnng that the jkrocc^n 
of liqiK*fiKrtion in the <^«e of mrreiiry, lut in all other iuntanees, is 
attended with a diHappearaDoc of heat. 

By noceleratiiijf the evaporation of the hath of earhonie aeid 
and ctficr, farwlay was enabled to command a still tjrcater rrdnc- 
lion of tcraiicrature, and in the vacnum of the air-pump he obtained 
hy this means a degree of cold which he e^timsted at — 166* P. 
In sudi aoold bath, many of the liqueBed ^a^cH were frozen, and 
vene obtained in the aha})e of t»e1icU, clear and truk«pareut u iec. 
Ainong the number which assumed this form was carbonic acid itself, 
(PAtJ. lYuns^, i^5> P* ^5S') ^^<^ without the aid of presaure^ 
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biit ihnpl}^ hy cmplo^n^ a bath of atbonir arirl md c4ber in tl>6 
]iir, the folU^wiiig gwtf j * via^ f^ilorine, cvjmogrn, iminionia, vnU 
phntrtUil h3'Hrci|i;iTii, iir»eniurelU;d hydrof;<^ti> hytlriodic acid, hj'dio* 
bromic iicid, wuL carbo&ic acid, were obtained in Uic liquid fbnn. 
and were sealed up in tuliea. The tubes usci vere of grccu bottle 
l^&bfr, bcut, na rcprcacutcd m fig. ii^i to tbcAc lube« braM ca|)t 



by rneArin of a ncMnous cement. The rold batb wiu 
applied at the carraturc- Wben pnyanirewtu rcqiiudte, 
it wj(s obtaiiu^l bv the cmpTnvujeiU of two comtcnsuig 
syriiigev ; the fimt bad a piston of an iticfa in diamiHGr, 
tlic «erfnid one of only half an indi ; these ayrine^^ »m 
connected by a pipe, «> tha* the fir^t sTriupe forced t]»c 
1^ throngh tbe valves of tJie H^cond ; aiu) tlie nxond s5tiuk« waa^ 
then uHod to cx>mprewi Mill more bi^hlj the ^a« whieb liad alreadjfl 



'^ 



been condcn*ctl bj the actiou of the firat, with a po^ej* vanrt&g 
from ten to twenty atmoapheivs,* 

M. JCaltcrer obtained a atiU Diorc intense degree of cold 
ihat prwhired by cnriMmic iw'iii ami etiier in voato, by mixing lii 
protoxide ()f»Un)gou witli bi^iilphifle of eartxm, and jilaein^ 
buth in vQcno ; the love»t ien]>erature nhieb be tiaji lectmJcd is 
— 220"* F. Kliioridcof iilicon, at this pointy became a un^i •'- 

solid, but liquid cblorioc and bi^ilpbtdc of carbon prcser^i 
fluidity. [Ann, der Chtm. und /'Aorwr bv, ^34.) 

Tn onler 10 cpliiontr the di-|frRtt of prervwiim ubicli tlio 
deuiicd ga« e:icite4l ujxjn the iitlerior of tLe vubcI in wLkrb It 

cuntniikod^ anci to 
Fw. iM. dciennine the 

furee rcqtiihitc to 
overoome iUo ir- 
piiUiv^ enen?Qf 
it* onii panidw, 
Varaday miKlc tur 





* The temp«raturr« rword^ in thoM exivrinKnbi ar« m all pr^lwhiUf 
acnncirluttcotiigb. Tbcjw«:ivertimati-<lbviu«aA»ofA](|4nl tlwmKJiw^rv^ 

divided tato dcft^tt bolow 33° F,. " ^^lift] in n|iw:t|r1ottj<«p bctVL^vn 13*»J 
aia^rbnttbr cODtrartion of alcohol lh more mpidal low thu at iJigfaiMi-i 
pcratarec : U. Ibo birrvt U-mpcmlurui attaiaptd tlic Akohiot beoame ajiufhti 
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of fttnul] ajr-gniigcc, vhich he cnclo«e?<l hi the tubes employed for tl»c 
couciciMMtKit] (%, 120). Tkivi^ ^'■uge* couuated of u wm«wkiiC 
omicAl ca|Mllai7 itilicDf gliUA, whkh waa flivided into p&rCdof eqiud 
cflLpBcity, hf iDtimdudng iuto die tubo a globule of mercury, iliovn 
at a, wbicfa wa» maJc to occupy enchpart of the tube in succeasicn; 
tlic length of tli€ little cvLiukT iuto which the mercury was re- 
duced iu each ponioa of Uic tube iru4 m&rhecl upon thv gkwt with 
black TuniUh. The mercur}' vu* then traiuJerrecl tow^nl^ tltc 
videsteilt'L-iuily, au<i the tube vna aealeil at iU narrow en^. A 
knovrn tqIueqc of air wa& thus included, AiLd by the eomprcBfli{>D 
which this air cxtrcricnccd in the cmirw of the experiment (the 
bulk tiniig invorsily tt^ tlur pressure) the elnAtic furce of the gBA 
under exan^iiiatioii wiLn t-ur^ily calcitlat«d- It ih rcmttrk^Lhlc that 
niuiy of tliesc cxjuddvii^d liquids^ expand upn the apjiliciitiou of 
heat more rapidly than the ^^^scs thcmadTcsn It has been alao 
found Ehat Marriottc'a law, acconling to whiel] the cla^tioity of a 
gas iiicrcaMs directly m the prcjt^urt-, althot^^^h corn^et for piTMu/cs 
at Kfioe dUtance above the poim of coiulciMitlon, docA iu>t hold 
good as tlib t4^fR iA a^^pixiachod ; probably, aa au^gested by 
ScnctiuM, because (he dUtanco to uhtdi ihe particle* are sqianiied 
ia uot suQlcieut ciitiivly to o*crci^uiij the coUcaivc force, which ui- 
crcw>n ia power the oaore nearly Uic point of eon<]en»«tion ia 
reached.* 

Although indieation* of this ilepartnrc &oro T^farriottc'a law 
liAvo ht^n oh:icrvcd at eommou tvaipenkiurt-?i, with some of the 
more condeiidihle gaae*, «uch aa sulphurous aei<h sulpluuetted 
lijdro^n^ evauogea, aud ammonia, it was mo/vt diitinctly exhibited 
in the c-^perimenta of Ca^iiaM dfi T^filour (Ann, d^ Chiraif^ \\. 
xiL a&d xxii). M. de I^tour partially liUcd nomc strong glaAA 
tub«» with vatcT, with flUK>hol, with ether, and with i«oni« oiher 
liquids, fiintiHhcd them with gauges, and hcnnetically scaled 
Ihen. He tlien cantiou^nly raiaed the temperature. The alcohol 
(Sp. Kr. 0844), wliich occupied \ the capacit)- of the tube, pnitlually 
expanded to dou}]lc; ita vokune, and tbeii suddenly ili^Jippeared tn 
Tftpour, at a tcmptTJilurc of 404!'^ F.; it then cxertod a pnuwiue of 
about 1 19 atnio^phcrcft. Ether became gaseous at 528*^ P., in a 
■pace eqiad to double ita original hulk, exerting a pressure of 37^ 
atuMnpherea ; vhereoa, if Marriotte^s law held good in these eases, 
calcntatiiig from the volmne of vapour which a ccrtaiu bulk of eadi 
liquid yichls tuidcr the atmospheric presswirc. ether nlioiihl Iinvc 
exerted a foree equal to al»)ut ::o<^ atinoiphereM, and akuhol of at 
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least 242. Water was found to become gaseous in a space equal to 
about four times its original bulk, at a temperature of about 773^ 
(that of meltiug ziuc). So great waa the aolvent power of vrater 
on gloss, at this high temperatiue, that the addition of a little 
carbonate of soda was necessary to diminish the action on the glass, 
vhich frequently gave way until this eixpedient was adopted. As tlie 
vapours cooled, a point 'was observed at which a sort of cloud 
filled the tube, and, in a few moments after, the liquid suddenly 
reappeared. 

It will be Bccn from tJie subjoined table, that even after the 
liquid has wholly disappeared, the increase in the clastic force of 
the vapour, as the temperatitre rises, is as rapid as before it had all 
volatilized, and indeed it continues to increase in a proportion far 
greater than that which would be produced in air by an equal ele- 
vation of temperature. Atmospheric air, under a pressure of 37*5 
atmospheres at 302° F., would, at 392°, exert a force of 65, and at 
500" of 73 atmospheres, whereas the corresponding pressures with 
ether were 86'3 and 1309 atmospheres. 

Cagniard dn Latour^s Expermtentg. 



Ttmpfrrmlnro 


Elhrr. 


Di»iJ]>1iid* of 
CvbuD, 


Toliim*, u Uquid 


Valiunp, ■« lirjoid 


Volumr, mq liquid 


jptwl^. 


it purli. 


8 ptrtt. 




u mpoor ao p^rtfl- 


M vfcpour JO puti. 


■B TMiioiir 10 pKr**- 


FrMujvin 


Frti*iir» ia 


FrewuTt in 




ktiDDiiihfrof. 


■inuipbprtBp 


mlmoflphnvfl. 


176 


5-6 




4"3 


194 


^"3 




55 


213 


io'6 


14-0 


7"9 


330 


i2g 


175 


lO'O 


34S 


i8-o 


33-5 


130 


366 


22-3 


38-5 


384 


^8-3 


3r/o 


30"3 


30a 


37"5* 


4?"0* 


U'2 


320 


48-5 


So-5 


2S-8 


33S 


5^7 
6y8 


580 


33<* 


35^ 


40'3 


374 


78-0 

86'3 


660 


47"5 


39^ 


705 


57"3 
U5* 


410 


9^3 


74 


428 


104-1 


ii 


77-8 
89-3 


446 


iia-7 


464 


119-4 


t^ 


98-9 


482 


1 33-7 


89 


1I4'3 
139'6 


^ 


1309 


94 


518 






I3S'5 



* At thiB point the liquid had entirdj diaappcu^ ai rapour. 
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From iheac fapcrintvutei it in obvioua that tfacro Gxisto tor 
erery liquid u l*iHj>cratiirc at whiirli no amount of |>rc««ure ia auf* 
ficicDt to retain it in tLo ]i<)uid form* Spo^y^ miut sJvrAya bo 
ftUoved for tho fall eKpannion of the liquid, othc-rwiiic, sut fWiqiicttitly 
tuppcned in tJio t^prrim<^tK of M. Cn^ianl ^r JinUtur, flic 
KtrotigCAt rmsol* vill giv■^ wny. If in nut MirpHiiin^, t)t<*rrfnr<% 
tJiRt tatre pniwarc» bowover Jnlerifte, Hhoultl fnil t^ liquefy uumy of 
llip Wliiv wl»i<*b iwiinlly iaih( iu the: form cf gasra. 

Titp follouifiic table E^nibodica the rcftolts obt^ucd hy Faraday 
on the eoiideiUbitioQ and eolidiliL'&tion of the giucs. ' The EoHds 
nnully were beaiicr Uum the liquid portion^ from vliich they 



ComtteTMotion and Solidr/Saifion of Ga»eM. 



!r>Ai«ortii«OMM. 


yrlb» 1*1. 


Vrmna* In AiKMXiilkFrT*. 


*» li* P. 


•i<o»F, 


^F. 


8ii]plitm»iM Acid , . . 

Uyniio^tn , , . - - 
Uvtln'KliR KcxA - - 

Amioovuft 

f>ulphurrtUd llydroRcn 
Prol<ai<lr< ct Nitrogen , 

CnrlBui^ Atfid . . ' , 
KQi'klonnp 

t'ftioridc of SdJCDu . , 

J rw^iturl t^nl ITvilronun 
rUi^iihurcUM ityilrogpu 
Cii'^iAnt Gi* .... 
Flu^ido of Dirroa . . . 
, llyUronUoric ^d . ' 


— 105 

— "03 

121 

— Kfi 

— 70 

— 75 

— "4 

— 22Q 


»37 
397 
4'4 

10" 

26'30 


©"go 


S'l^ at loC^ 
400 at 63'' 

TO'oo at ^^ 
14'fo Al 51** 
3340 »t 35? 

^<i'90 at 
n ^4 >( — <Jj^ 
40" at fioP 



Tlic diafipram which follow* [fig. 121) cthowa th« cutton iodi- 
cotiufc tlic iuorm^ of prc«dnro with tlic tcuipcratiLrc, D^om Para- 
dav'i tftl>le». In tlii* diujn*iun, tljc vortical Udcj* rcptvwnt tlic 
dt^rccH of temperature on F3lir<.-]t]icit'M ncntc; the horizontal Uu« 
allow tliv prc?iHure lu HtFQ04^>h^re«i eii^rb^d bythr cotidenaod gaa. 
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I. Fliioritle of Boron. 

a. Carbonic Acid. 

3- Hydrocliloric Acid. 

4, fiiiphurotted nydpc^cn. 

5- Araemuretted HydrofjeD. 



6. TTjdriodic Acid. 

7. AmmoDia. 
o. Cj'&aOjTCQ. 

9. Siilptiurom Ac^d- 
10. Protoxide of Nitrogeo- 



11, Olefiant Gu. 

Mr. Faraday remarks, that as far as hia observationfl go, "it 
would appear that the moie volatile a Ijody is, the more rapidly 
docs the force of its vapour increase by further addition of heat, 
comTncncing at a given point of pressure ; for all these, for in 
incrca>ic of j^rcssure from two to six atmospheres, the followiii^ 
number of degrees require to be added for the different bodin 
named: — Water, 69^ F-; sulphurous acid, 63°; cyanogen, 64**5; 
ammonia, 60**; aracniuretted hydrogen, 54°; sulphuretted hydrog«^ 
5'5°'5; muriatic acid, 43°; carbouic acid, $2°'^} nitrous oxide^ 30V 
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The pTfTRfiLTva, inflicatvd hj- tbo curreain fig, ist^^ftcr nil, nrc 
probuibl^ anij upprouiuutiouA. TItc €:L|>ontxioDto of Ca^iiUnl dr 
Lntour ithuw ihftt \milcr thoM* ciioniKfi» pr^MiuCA, the bulk wUicli 
tUe liquid 1>c«Lre to tW «paoe id wUioh it ie ooufiued k«B « to«- 
IcinAJ iiifl»cn<;r upon the prossaro whioh itn vopour mertd whea 
tbv rrsnlix of diflcrcnt rxpt^rimciit* uixh tlio vftnu? liquid strr com- 
pKrrd nt the wtuac temponitiirx?^, and Inrfon^ the liquid Iiba vhollj 
aiMiUUM<<l thf' HtnU^ of mpour ; thU will h<' »trn Sy rvimpnnii^ th«* two 
coluiiiUH Khowiutf the claaticity of etlkcr ut tniiiK-mtim^ Wuv 
jOA^ I', in two diflcnnit e:cperiui>nta (])age 1.0). It ui not uulikoljr 
that the c?itraiordiiLary di^crcitaDcice in tliE? estimates of the €laatit!itT 
of liqudKd carbotiic acid i^voii Ijt FiLfuduy, Tliiturici', uid AdctaniG, 
■n due to tliU cnitM*. Stmil^ir dilTrrc-ncM^, to n low extent, have 
been ob«crTcd in the ctme of ftidpliurotLi a^nd luul ryauo^n, mtil 
iome other gftftCA. 

Fjuwhiy emt€s, as the remits of his cll}erilncnt^ tluit ammonit 
Moi wdfdiuicUcd h\dro£^cii, irlini solidilicd, citcli furnished a white 
tnoftliicciit nuuM, like fiiM.-d uttnitc ^if lutunutLiii : cuddcu'iiR- ^\c 
m trmnvptix-ut orangc-oolonred crynialhiH? stolid. Th« other liqudicd 
gMe« whirli were fiusecf;Lible of solidilir&tion funiialKHl colour* 
lew trana|iaretit crj'fitiUinc maMc« like ieL\ PhosphurcUcd hydrogen, 
bitrwid oxide, and olcAant gas^ appcarcsl lAch to consist of n mix* 
tore of tvo gftscs, one oon>i<h:nil)ly more ct>nclenKthlc than the 
other. 

Oxy^n n^iiatuvtl iftuteoua under a |irc«tture of 2y nUawi^tWreny 
At a l<'iii|*crHtuni of — 16^" ¥■, ; and a prcsaureof jSj ttt)Oi»«|)bcreci 
at — 140^ viv* c(|iuUl7 ineffectual in producing it» liqucE^^u. 
Nitrogen utid hiuoxidc of nitrogct^ rcMntc^d n prmmrc of ^o ntniiv 
Mplicruttj witli cnrboiii^; oxidt;^ a prcasujo <^uividt?nt to tliat of 40 
alnotphcrctt, with cool gim, one of ^1, and with bydrufcc^n, oiut of 
a? atni<«phcrc», vtas upjdied without cffocling the liquefatrtion. lu 
ftll the*^ cxponiiviiU, the temperature was niaiiitaine<l at — 166°. 
Owiitg to ihi' tfuporior diffiuuvcncA of the lighter gOMw, such as 
bydroi^ii, the apparatus bcpiii to loik At compimitirfly low prr^ 
wurm; and thufi a limit vras piftced to the amouut uf picuiui'c tliut 
coold be applied to them. 

(18;) Sphttwial ttittf jirrducrd b^ Hml. — Much attention 
ba§ of bte yean been excited by a phenomenon hrst described hf 
Leidenfront, and which has been mado tlic Hubjcct of careful inven 
fjgaaiwn by M. Uonti^y. TLio follmin^ ei]>crini€nts will illui^ 
tnte ita charnctur. Jf a f^ood couducUtr, sucb lu a aJicet of metal, 
be heated to between 300° and 400*" F., and iratflr lie allowed to fall 
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li]>OR it* v-or&ce, th« liquid doe« not enter into i^initt<in ; 
Init iiwt«ad of wetting i\ic niirTiKM^ ba ununt, it ralbi alioui ux 
■plinrmdft) mnsMbt >u itie mAnncT hIktwu 
lit fig. Ill; the ifirrtpc^niture o( mwb 
HIiHiTikM nox^r rises to th** boiling 
of tU<i liquuL If th(^ source of heat 
remored, the t^mpcratxunG will &kl uatil 
a l>omt is Bt length rt«cli«d, wlicn tbc 
li^^uid £Ut)<lnily Wjpni to boil x-At* 
nivutly, aud b di«i)er»e<l in aD dtrectionn 
with a loud hi;«:(ing noi««, 

Tlii> pliciiotTu-oon i# a rom plicated irault of at least Una 
tinct eaitwjt. Of tlieHe Die mo^t iaHoential u the rcpultdre 
iriiich boat exerls bctwwu objpcls nbieh arc clowrly approxinutcj 
to each other. A low maiiifc^tAtion of tliis action liiu^ 1jt-cn nJn-oiij 
noticed whca npc&king of the elli-vi of a ri*e of tempemture in 
ducing a (lccrt*02rt^ of cnpillnry ntinirtio?! fjo). Whni the tem 
turf rvache* a i^rtut'i poiut a<:tiial rci>ulsion liettrecn Uie fmrtii 
eD&nefi: ihia fact i» cririomly ewnipJificd when puiP silica, in m 
extrcmc state of di^ion is higtity bested ; the »]iglit<*«t notkia 
tlit^tt cniiM> the piuticks of the powdi-r to i^lidc ovvr earli ot)iiT| 
and tlu? Mirfiurc of the |Hiwdcr in t)truwu into utidulatioit!! almi 
like tlioBC of n Iluid. lit^idt-n tliui ri^mbivc nction occaaluix^ 
bcAl, tbc otbcr ciiiL?(c*j vt}(icb mny be EucDtioiied aa tending to 
duec the OABuniption of tbc *|>hcroidftL eouditicn bj the lipoid, 
tlie«e:— I. The temperature of Ukc |>]ato i« no high thnt it i 
uiodiatcly oonvrrtA niiy liqiiii^ thnt toncho* It into vnpottTr npon 
wbioli the •phomid rest* &■ on n cimbion. 2. Thi* «ipijurw « 
eonduct[>r of hrat, imd prei-ents tbt mptd iN>ndtu»tion of li^at 
the metid to the glohnle. 3. The evaponition from tV 
ftnrfiiec of the fluid carries olT the heat aa it arrives, and OMistii ii 
kwpiug the temperatm-c below the point of ebullition. The spbe^^ 
roitbd form aMumed by the drop, ia a n^resAary cooH^v^iiencc o^| 
the action of cohr^ioii rmioii^ thr piirti(?Icv of the fluid, aud the~ 
rimultancotiA action of jjravity on the m«Aa. 

M. Jk)Uti^T finds that even if the liquid be boiling, lin tna* 
fM'rnlnrc Mnks from 5* to ;" below the boilinf- point, as it asauni 
t]i<- spheroidal fonu at the moment thnt it hUt on tbc 
aarfooe. 

All Iif|uiddi are capable of affatimiog tbi* eoiidilion ; Irat 
tenipcnturc to which it is neceasary to brat tlio conducting 
varicA with CAch liquid ; the lower the boiling point of the fluii 
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the lovrcr nUo ia tbo raquirtx) temperature. Tho c^act )i«at in 
cl<;|>orid(-ut |)ftrt1y upon ihn ootiiluL'tiu^ poivt-r of tba pJaC4>, niui 
partly upoii the L»C4?ut Ik^I of the vsipour; ttie cenip^ralure of tb« 
p1nt<* appnwiohiM tbe boiling point of tlie liquid more c1oi<e1y a« 
Ow (ati'iit Ui'ftt U lo«i. In tJic cwr of thp iinfl<*rTTimtif>«ecl 
liqilittK thr lowest tnnprmtiinr nvjiiircHl in the plulJ* wns fmiml ro 
be for wster, 340° F.; for nlrahol, 375** P.; for cthtrr, 143^ P. 

M. Boutiifiij ooiiHidtrretl the li>m|>ei-ature of Cfich IiQiiicl. whirti 
in the aph«niidal Btale, to be a» defitiite as that of its boiliuK j>aint ; 
and he idtos 105*^7 ^a tho temperature of the fiphcroid of water; 
167^9 for tliftt of alcohol ; ^^*^'6 for that of clhcr ; and n"^"i ft«p 
tlitU of i«tilphi]rou« acid, M. Boiitiiii hiw, howcviT, »)iown tlut 
tlwse t^rmpcniturcv arr? Iin1>le to flight vsuintioitiw 

Kveti in vacuo tlii'^ Hpheroirlal ntfite is olBorved to ocscur nlifti 
tbe liquid in allowed to fall upon a plate AuSidcntlj heated. 
Solids in Uiiut^fvin^ in hot capsules, pa^ into tl&is eame Mate, aB 
in well exemplified by throwing a feir crystals of iodine upon the 
hralcd »uHncc. I'rovidctI tlmt the hot nirfoc^e l}c a Hiillicivntly 
good coiidiietor of heat, the imUire of the material is iinLmitarUiiit, 
Silver, platinum, copper, and iron may all be flucecHHfiilly uftcd. 
Mr. Tomliiiiton haa »1iowu chat even one liquid may be throim 
into tbe splieroidal form on the surlacc of auothcr, as water, 
alcohol, or ctlier, on tbc surface of hot oil; but tbia esLjJc-i'i uncut 
requires care, otUcrwi«G the water sinks in the oil, cvajvoratiou 
from the ^nifooc of the drop is prevcntc<1, steam is gcncmitcd 
with explosive violence, and the hot oil is »cnttcrcd aboni in aH 
dtfoctioos. 

If the hot metal be (jufllcimtly mmsivc, a large Iwdv of watrr 
, majr be eonvertixl into tlm npbcroidal itnto. M. Doatigtiy haa 
I mggcat«d that in edrtain caMM th« expTnnidn of ntcftni^lwilcni may 
have been ditv to tliin caiue. It is iiiflM.vl quite pu>^xt)de, olthougb 
aneb an oecnrrenee inuHt he rare, that tb«^ wjitcr mny l>e all expended 
in a lioiler lieiieiatli vhieh a brUk fire in maintained, ho that tlw mata 
of tnetaJ may become intensely hcjitcd. On the a^lmi^^^n of eold 
water uudcr euch eircumHtaiioi^, it would at fir^l a^umc tlic sphe* 
nndnl state, and as the boUvr griulnally cooled down, by the intro* 
ductitin of more water, a Aiidden and nncHjutrollablebui^t of vapour 
would etuue. Tlie tafety-valve iu such a. c%M^ would U^ iiiade<|\tate 
to allow tb« needful Cfieape for the immense volumeof^teani which 
would be LDstantaueouflly generated, and au oxjiIomoii vould probably 
ooctir. 

By tracing the cflbeta aborc detailed to tlieir estnnBC conw- 
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<|Qfiiir«<i, Mi^tni^ ftumraTar and paruloxical effects have been pioiltKrwI, 
For f>^xfltiiiile^ Uquul suljkhurous acid Ixxuuics spheroidal in M nfl- 
bot capsule at a temperature of about 14*^ P., thni in 1^ below 
llic freezing point of watcT. If a little water be tJro|)iiwl into this 
«pli(!r(>i<l, the t^nnperuturci of tlir "tfittf-r in iiiKbiTitJy n^luced below 
it« freexiiig point, and a tna^a of ice i& forin») vilbin tUe p;lowing 
criicible. If a batb of solid oarbonic acrid and ether be snbsti* 
luted for the sulpburons acid iii the red-hot cap«tdr, tntvcory 
placed irithin it 'm the 1>o«1 of n KTnnll xpofni mav be froaeii 
equal rertaintj* But [Mrrba)ii« the mo^t niar^i?lloiia rfsiUt t» 
iiapuiiity witii whieb the moiHtcnc'd band nuy be planned for 
instaitt iuto molten lead, or e^en intoca^t iron as it ibmuta frun 
the fiimncc- In these ca«cs the adhering moisttire i* coii\ti1wJ 
iuto vapour, vrhieli foniift an envelope to the skin, sulHeiciitly turn 
coDfliicting to prenmt ili<? Tiaj(»iige of any iiijiiTious (quantity of beat 
duriiiK ihe brief immri'siim. An ingcniuua ap})liuatioti of 
priui^tpk' tiafl bn]jr bt-eu euipbived in tbe itlAaa-buusc In 
nidvly nbjLp'mf- tbt; hLr;;u luaases of |:lau nbich are lo be bto«tt 
into 7ibudc«, ntid iuto rvliuilcre ^hiL'h -Ate atlenrarda flattened bfto 
the hrvkvy 9^heet» tccbiiiojdly termed Briti^tt pbite, open bomiKphe- 
rvcal vnodcn matitdA arc iiiwd to give tlic gloliatar form i in onW 
to prevent tJic won*! from being bnmcd^ tbo n-orltmnn ponr* a 
lilll<> nator into (btr rnouM; it pivitcet* tbo wood, but aM«ni«* 
the spheroidal form, :ui<l neither toueht:* nor ir^uriouitly cooU 
010 ben glaiA, 
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I. >%«fim.— IL Static Electricity.— lU. Dgnamu or VoUoic 
EleHricU^. — IV. EUctro^MaffneitMn. — V. Majpi^tt^Eie^ 
trieitjf. — VL Thcrin^Eicctricitjf.—yih Antmni Ekctr 
VIII. Diamajfueii^m, 



(184) Tlic fore*^ of miisTi<^ti*m and eleetricity arc now 
to 1>e M> intiniiUely r<:dati-<I, that it i^ hardly possible to study 
OperaiHHu of cither flepamtety. 

The power of the loadstone to attract small piece* of iron 
recognised as a remarkable natural phenomenon for ccnturii 
before the Christian era ; and thi; ' pointing' of tJic ma^etic t>etdle 
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nortli anH voutl, ma early ttp|>]ioil to tlie pitrpoite* of i^avifrntinn 
hy tli^ (^bineae; but it vaa not einplcyed for that piiipo»e hy 
Eumpean natioiks till the latt<^ Pud of the fifWitth nertun*. 'Ibe 
property of temporarily attrnctinf; hj^ht objects irhicb amber 
acquirCA vhcn rubbed, was dso familiar to the Gruciaa philo* 
BOpbcm ; but it wslk not til) nlxiut ij;o yrnrr ago tLnt Gilbert kid 
tlie fr>uiKl»tiofi cif cb-ctneail 9i<*ifiirCr iumI that Otto Gm-ricke mad 
IIaLkfl)>ee wnlrivcd llic 6rM elertrural mnchirif*. KaiitJnU men, 
bkcwise, had often obwncd that after a altip bad experienced a 
stroke of U^litninif, the compau noA deran^^d or ilfi polca vero 
KvcTfeA i but It iras net nntd the year 1819 that the true coa- 
DCxtoD Ixrtvrccn tlccthnty lutil iftftgnrti«ni um pointed ont by 
Oersted, vben lie publiiibefi litn nK^niorftblr tltNCoverv, tbat a mag- 
netic iierdle if 9Ud|ieiided freely at ita centre, vrotdd place itaelf at 
ligbc angles 10 a vire wbieb was tranwnitting an electric current. 
After tbc publkatiim of OvT8tcd'9 discovery, the meauh of obiiuniu^ 
powerful temporary nia^t'ts by tnuisuiittiug dcctricaj currciita 
throu^b wire* coiled around rov^ca of soft iron, or in other wordii 

mckUobi of pnrporing clectro-inn^ct*, were »pee<lt}y drvincd i 

thuv the dependence of tnagnetiMn im elcetridty in motion 
wa/h iihourii: wbUfft in 1^31 tho eompli^ion of thin diain of diit- 
vtaa eflbctcd Kt Farutflnrj who aniiounocd that a CTirreut of 

irieity might bd obuiueil iu a olo«o<l conductibg wire ti<>m the 
magnet, 1^ luoring it acrom thft Unc of the oonductor. 

In iltt rhcrnttTsI b**»rinps, pnrtirHlnr inn*nrtiiu'*p attnrbeK to thi> 
diaeorrry nf the voltair pilo or luitU'ry, by Vnltn, vrhicb, in the 
hainU <if Davy. Ird to the diieoTrry nf tlic inrlallir baaai nf the 
aUcalu-4 and of the enrtli», and cflci^tcd a ooniplete chati^e in tlie 
a&iMvt of dberaieal ftcienee. In later years tbf apphcationa of 
the Toltaic battery to tltc chemical arta of ffilditiff, aiUmng;, 
sineinj;, &c., bare rendered it an inatrumont of threat importance 
in tie industrial arts* 



§ 1. MAaKETISU. 

(185) It will not be necewary to enter fully into the aubjeet of 
tivm, ImC a few remarfLH upon \t» more important pocii< 
itiea will materially ud in Jisin^ upon the mind clear idca» of 
ptilarity and |>olar action. 

Elecirieity is, like mafrnctinu^ a polar foree, and the phe- 
ooniens of chemical affioity Enll into the class of polar actions. 
The most obvious character of nut^ieti^m is seen in the power 
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cf attracting mafiscs of iron, utiich w displayed to n crcater or 
ca^tciit by mo^ctiu'd IxjiUcat. llijjt iK>weT of bttractiui: irou 
firet ohtcrvcMl in ati iroii on obtained from MAj^iesia in Aaa 
Minor ; tieticc tbc pro|>erty waa tcnnixt maf/iwthm, aiiJ tiie mincTal 
it»elf WBS named tlic lead-stone or londstonc, A st«cl bar if nibb«d 
in one dircction witli tlic loadstone acquura timilnr propcrtm; 
when poi:!«d honxontidly, ft« may be donf; by vi»)>poii]Dg it tipon a 
pointp KUch u biir vill take up a l^x^il poititiotj with ro^pnl to l^c 
p(^c* of Use (^artli ; in tLi» countnr it will point nearly north and 
sciith> TIlp end of a ma^ctic bar ivhich points tov.ardfl the Donli 
is diatingimhc^l by a mark, and is hence often tcnucd tbc nmrkrd 
end of ttio magnet. This pcculiancy in the magnet of taking 
fixed din^ctkin, n-mUT* it invatunble to lla* nangaior, A ma;- 
nctiKil needh^ aluicU(*d <u a card marked with the? canliiuil pui 
and prupeiiy ntiKpended, cuaatitului the nutrint^s cum/icyw. 

If n alu^t iif pupi^r Iw Iwd over a iii&gtictijteil bIccI \K%r, ■nd xt%m 
lilinp^ he mcidy &iftod u^u tbt^ paper, it wdl be found ou grutiy 
tapping the papLY^tliat the particlca of iron accumulato m twognm^^ 

one jtrotmil each cttrcittUy of ilio 
bar iM a centre, an<l ibat from thnc 
poiiLt* tbft f Etuga arrnn^ tbcmwlrta 
in Lnir\-<fd linear Komcwbat rcvvrmbJinn 
thaM? hIiowu in fig^ 113, «li 
frtin> one end of the bar to 
other, Thift experiment ahowB 
the attractii^e forces arc coi 
tmted at the t«ro extremitiea of such a bar. A aoft imn 
freely stinpenrlcd at its centre in a borixontal direction, will 
attnicted indilfcrcnlly at Ixvth ends by dtlicr aid of tltc magnrtic 
bar; but if aai^oond mafOH-tie W be pweil iu tlie aame wajr 
the iron wire, it will lie foniul that one end of tJiia bair will 
attntctcd when the magnet h brought near it in one directioii, 
whild tbc eamc cud will be repelled if Ibc op]>ositc cnil of llie 
magiiei be presented to it. Further eiaminadon sboirs, that tLia 
reptdKion tnki<K place when the ends proientcd to each olber are 
tJiosc which would nat u nil ly point iti the aamo direct tun ^ two 
north cn<is repel eaefi cthi'r> and Minilar repulsion en«tkeH vh< 
two eoutli ends are pnsenled to each other; wbereoA, if 
eilremitic* prr*itrntcd naturally point in oppOBite direction!*^ nt 
tion eittued* between tbtra ; the north end of one bar attracts 
aonUi end vf tlic other. Thus it appears tliat there are two kiuda 
of jua^ueiuim cuduwed with qualities analojova, but opposite 
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«aeli other, Tb» two magnetic forc<« up* nlwuy* dcx'cloped 
•imulUin'oiibly, nrc n1wnj:ii cc|ual in amoimt, but rvrc? op|io«iu< m 

otIuT. Tliry unri^mttbtte »t oi^poftiti^ Mid* of tii<> bar. lite** eu<in 
are termed ihe /m)/*'^ of tlie nuftiiet. Kruvi?* which exhibit thia 
corahtnation of e<|uui povcra wtoch acl iu opposite dircciiou^, arc 
termed polar fwcfs, 

(i86) Mafffwtic Indncfion. — Mftgnctwrn art* through consider- 
able interval* of rjon-niiignetio rwuUT n|wii iKxbw 
eudi iw iron, which arc »iwce[>tible uf tnt^ielisra, 
aud it iitwliice^ a teiupomry ilevclopmeot of inag* 
ACtisui ia Buch nia{;iieti/ahle stih«ilaiic«a, A 
piece of soft irou brought near to a moj^net ioi- 
T»»)intely af«uinr» (be mnguctic HtaU-, This in- 
Kucacc of the mngTift operating itt a <li*UirK%' is 
termed magntiic ituittction, and it lh iu (?oiui4^ueaG0 
of Uiia actioa that the inm it attracted. If the 
Dorlfa end, x^of a magnet l (ti^. 124), be prc&ciUod 
to a piece of soft iroa, the latter becomes a mngnct 
iritji its poles similarly axran^^ ; that Is lo lay, 
tfar Boft iron adjnirev in thi; vxtn^mity, 9, pnseiitcd 
til the pL-mmaent inofpivt, mn^iietlMu uf tlw 
0|>p(ini(e kind to tliht ijf ihr trrni, x, of the uiA^iet, L, whieh it 
apprnttclKA. Tbc DofL iron will now attrnct ether piecL<B nf iron, 
J It, ^ n, and ility in ittra will act upon otber«» by o eoutinuabnn of 
the imluetivc force On gradtially rvitioving tho pcrmajkcut luagttctj 
tlic ofibctA diniiut«h om ih^ distance incrcAJW^, and at 
kn^tli disnppPnr attogrthcr, Thi* diminntion in the 
<sffD«t tak«4i pinoe much monr nipidly than in thr? ratio 
ai the MiimrtK of t)ie dintjuu^e frotn the mii^iwtie pole, 
but the raau^t law ha,-* not ojt yet Uf^n aiei^rlajurtl. The 
polar charaetcr of ma^raetie itidudioiL may be acen by 
aittpeiidin^ tiro pieces of eoft irca wir3 over one of the 
poles of a tnagact. s (fig. 125) ; the bnrr ends of ihc 
wins, B n, repel each other, btit are f>olb clrAnii towanlit 
the mu^et, and thu up^ier extreiuitic*, * s, aUo repel each 
cither. It iithia mtituul rvpnl^iiou of the correspond iu]^ 
ciidA of tiwi pieces of iio*i which cause* tUc iron lilin*;« 
{6f. 133) to distribute thomaclvcs iii ctirvcft arouiifl tlio 
nagaet ; for in this cspcriracnt each paniele of iron becomea 
for i\K time a niim:iiet witli opposite jxde^. It ia Ukewiao 
in GOtucquciicc of tbi9 [lolafity that a nuiubcr of pieooa of 
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finc iron viin tmder luiliifHon form a contimioiu cham. Al 
of sofl iron ]>lu!^ on a tnagnd of equal clif 
sLons nciitralt&cs its action for tJie time: hy 
c€nnn!ting: this two t^itremitira of the mAgmrt, 
it iiiivrl9 tlio induction from snironnding Indies, 
nrii) rx>ncHnitrat<^ it u|)ou itA«ll On Hw oihrr 
!inii(] tlie induction is mibch fttren^tlin-nef) if the 
magnetic circle be completed (ns iik ng< 126) i)]F:j 
tiDilin^ the picecs of iron wspendcd frotn eit 
pole bj^ the eoniHXTiin^ iiit^rc, 5. This iw 
tion is mfiinlaim^d nrrowf the greater nnmbi^t 
bodice, nnch lut atmoKplierie air, glaw, wc 
and the intrtnlo. It i^ hoverer, tnrfditt<<d \y\' 
' " uitcrpottition of iron, cobalt> and Dickci, m\ 

are llK^maelvefl poverfiill; msceptiblc of mflf^DCtism. 

Ma^ctic induction diflcr^ csAcnticdly from dcctric iudonia 
(19ft] in this purticrular — viz., thsit it u; nut poswitjie to insnl&tc dtlir 
kind of niagu^-tutni fmni tbe oUier* For UistanvOr if ^^^ <^tul tif 
t1ietwouiiit»l pirccH of iron, tf if» jrn (fi;;. 124), rxhilnt tlir propcrtic^^t 
uf a t^jrtli niOf^iJL'Lic (lolr, the other cud iriU exhibit thooc tif n ivtitBf 
nw^ictic ])ole ; but if the tvo pieces of iron, vhilert otill under 
the iuHiicuco of iinbutTOii^ l>e »c|>Eimtcd from ciuh other, fttid thou 
tho magnet bo witlubuvrti^ both pii^con of iron will hare lo^t their 
BMi^ctimn. AgAin, if a magnet bo broken in the middl^tj it wiU 
not be «e|farato(l into otto pi«ce with a untih xaA another with a 

ftoiitli pile; rarh irngmmt 
will still pOttAOM two poln^ 
tnrn^^l in th^r Mwne dJi 
turn as tliow of the onj 
bar (fig. 127) ; and each fraflrment may ag^ be eubdivided into 
indcfmitc number of smaller frafrments, etch of wbic^b will 
pOVMCM a north and a Fonth pole. ■ 

TliCM? phciionicim mftv be eTcpTained br euppoi^ing that a niafpu|H 
er>nKiHtiL of a c<illr<'tton of particle*, i-iicli of whk*h i» mitgnetic anit" 
endue<l ntth bctth kiiubt iif nin^irtHm, In the unningnetunl 
condition of the bar, tbe«e foreea are mutuallT combined, tztd 
cxartly neutralize each other; hut when the masft beoonos m|f- 
ndifed, the two forec^ separate from each other, though wkbnC 
quitting ttic pivrticic with whiefa they were originally tffiooaterl 
llie two liaJven of eneh |)articlc aMnme aa opposite mugDctie coa^ 
tion. All tlte north jkiIch are diHposed ilk one direeUon, nhiM 
all the south pcilea are dispowd in the oppoute dirertion. l£vA 
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partidc* Uiuft BcrguiivM a polar <H>nditian, otul fidcU itn inductive fon^c 
to tluu of all tli<^ othervt «w a 
necesHkrv ronAeqiietM^e of niHi an 
armngeiDcnt, the opftosito powers 
orcumnJatc at tic opposite cr- 
UcRiitics of die bar. If in fig. 138 
tlie Kmoll eird«ft be taken to repre- 
sent the tOtimjite mflf*neti4' poitirlett, the porti'>na in shadow iroiiM 
indicate tbc iliAtriliutioQ of Htmih maipietiAm, ulnkt th(^ unMizuled 
h:iLf of chc purtidcH ^roiild show the rtistnbution of mii^ctiiim of 
tW opposite kind. This hN-pothcsis is snpporti<d hy tliu fact tJiat 
ft mngncc vlil.tt prrKlucing intluctioti lo«c« dotic of ita force, tnit 
on the contnir}' KufTt^m teniiM>mry incrnuM; of power, owing to tlio 
remctioa of llie iiiihiced mft^nettttni of the HCiTt iron upon it. 

(i4i7) FrtperaSiQn of MagneU. — Wxre soft iron Iowa ita roag- 
VCtiani oa soon asi[ iawitlidravn from the inducrtive ititluetice ; biit 
the prcscuccof certaia foreign bodii^ ui combination with the iron, 
parUcuUilj^ of ox^gai, aa iu the nnlnral tomUtone, und of carbon, 
aa iu steel, crULb1c!< tlic bodv jiennArieTitty to retail the nia^ictic 
poirer. Hiinlciwtl flUH.l u alvtaja the niuteriul etiiiJ<k\'e<l iu tho 
|ireparalkiu of |>criii&iieut luaffueUi: it ia uoi HimcrpLLblcr of xa ui* 
tciHc a decree of intif^iicliziAliau 110 mjPL iroD, but ^\\vu nidueLiua 
has once been produced within it, the cOcct is rctaii>cd for au 
indofUittc length of time. The dcvdcppment of thiA power in it<«J 
IM nmclt faHhuted 1^ fricti<Mi ; and thc^ nmtruot of fonx: tKnM 
develufMrd UI greatly dcrpetidi^ut tipon tltc diroc-tion in wliich Uio 
ftiotion tf performed. A ulroplc method of magDetLKinf; a bar 000- 
aiftlji vx pbiciiif^ tTiL' boir on itt viiJi^ uiid hhngiiif: down u|)oti one of 
it« extn^joitifiA eitluT of the etTtU of a (kit uiii^iiet. If the imrth 
eiDi] be bnnight down on the atoel har, it nin&t be drawn aloirly 
akiDg tcmmrdK that ntremity of the har ^liii'h it ih intended shall 
poaaeaa aontli maffnetic force: this operation mn^t be repented 
three or lour tiroca in the aonw dir^on. A more rflbcttial 
pbn is to bring domi npon tbc centre of 
the bar the two enda of a poworfnl home-ahoo 
mafnicC, sa rcpravnted in ftg. 129; the 
itouth \tiUi \^\\\^ dtitXTti'd towarda Llio end 

of a^- har that ia intended to po«6C« the 
northern polimty, and irice trrMf. It \^ then 

moved alonff the Eurfooc from the centre, 

olteniah'ly towitnln cither extremity^ taking 

ow« not to carry the hotac'shoe beyond the extrcuiitien <rf the bar. 
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mni to withdraw the horso-ilioe from the harwtiMi ftt it* o*tit», c' 
The bar » th^n tiu'iied over ami tKe pmccs* Twpmt^ on tlie 
opponte Ftide. but in the sftin^ <1ii-ectKin, for an cqtul nnmlNT of 
times. Whcu two bars arc to be ina^tu.ti«M], they irmy lie dtspo«cd 
in a puTiiLlrl direction, the trxtn?mitit» \mnz coiintMtwl hr |MrC(« of 
ftoll irijTK Botli the^ \tiAt^ of tlie horxe-Aliot? ivn^ brojiicht clown upoa 
tltE: reiili^ of one of the »t«el bar», and it i» <^arrif<l round the paral- 
Idofn^m always in tlic same direction, tftkin^ care, as bpforf, to 
withdraw it when over the eentrc of aiM' of the bats. In the Isst 
irraDgcoMriit, the induction uf ono bar iwtii upon and c]^t« tlie 
iotouily of tlw mngnctistm exciti;d iu t1i« other. For tiu£t rc«oa, 
the opposite polon of nia^t»etA, when not in use, aliould be con- 
nected by H>ft iron armatures, or keqwrs, aa tlwt the contaucd 
induction shall maintaiu the force of each. 

In Uie act of maf^ietueatkuti, ttio hor»c-ihoc loses DOthin^ cf il«^; 
power; but the north and imutJi m't^irtisin, nhich an* ^iiji^io^nl 
to cxi^ in every purticltf of vteel ftiid iron, and which in ibc 
unmiLgutrtiEed condition are fio combined an e\acily to ntftiindise 
eacrh other, appear I'mm the effect of the induction to which tb^ 
have becu bubjccted, to be pcrDiaucuiLy dUturbed iu Uinr cqiidi* 
bnuin ill the iicwl}'*mii|pictiiedhuw. Tlicuiorc intctuw th« powtr 
of the LorM>»hoCp the greater w thin l1i^turbanocr and the aMnV' 
powcHiil arc ibc infLguct^ which arc producM- 

By uniting together vorfiral har niag»«ti», taking care thai tho 
corropondiug poles of oiwh are in the tmnic direction, nu^rnelic 
bttttcriea of great power may be obtuiucd* The in^;ueij* ahookl bft^A 
aU aa nearly aa potuible of the •ame •tnugth ; IwcauAc if one of tlio^H 
hatft be weaker thnii the others, it mAterinily dimimfabpA ihr j)«iww ^" 
of the whole, and ncte in tlie nsrie manner as a )mr of wvk iron , 
would do, though to a more limited oxtcni. As a matter of con* ] 
vcuiencc, the bar ma^iet \n of^en Ix^nt into the form of n horatf-aliOG, 
K> that the inductive nud nttntctivc ikiwct of both pole« may be 
himultiLTieoiifdy exerted on the anmc piejjie of iron ; the i-flaM ia i 
this inauner mudi increased, and the w«^i;:ht <^uRtaiiiie<I by ilw t 
poles united h miLcb ^^atcr than the sum of the two wci^htH wbiHi 
would be supported by each pole scparatclyi For this i^atoo, the 
soft iron armttturi'* \ », of a loadstoiKr I'fig. 124) add greatly to ita 
power, and by fiuulitatin^ the appliratkjn of tlie kf^per, or pil^:c ol 
soft iron ivhicli eoiuieeta the two pule* when not in ttae, prercni 
tha loM of the maifuctic powor. 

(]8b) It ha^ been mentiooed cbat the fricttoa of a ateel bar, 
irhikc under induction^ facilitate* ita magnetiiation. The svae 
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«Acot u occftnoneit br pcnrtiBnon of the bftr, or hf any other 
nuhli* of pnxlittTmg t'iliru1i<»n in it vrhiUt it i» tii^d^r inngnc4iu in- 
duction^ On thr otlirT hunfl if ft bftr Lah htvu fully mngiictiwrlj 
its fbnv IK mitiivif hy tlic ftp|ili<?ntian nf & Bii<ii)(ni h\nv ^ 4?v«Tti 
thfi fttmfile net nf nrrati^iiif^ tlii^ ALirf^i^ with MiLn(1-|>ajirrj tir with 
a Sie, uiiLV aerioti^y impair the iiover of a ffood mAjcnrt. 

The influence of beat on mfigoetijiTQ is remarkable. If % a1<^l 
Imr be itrnitcd Aitd filaccd mLclcr iticluction, and wKil^t still in this 
condition it be suddenly quenched, it will he foiiod to be poncrfuJly 
tna^Jictir. AguLD, if n ttUtiai nui^iict t)c ij^uitcd, and ullovrcd slovly 
to eo*}\, all ibf iiiCH{tiinx1 m;i^iirti!i(n will Unvvi diHappniLrrd- KlcvutaoD 
of ti.^m[ienitiiri\ tlii-refort*, ti^idcnlly fjivoim* the cranHfi^rDfrnngitctic 
polarity wilhiu the particles. t\u'ther, if the tempei^ure of a 
piece of in^ii he rained to rcdnesi^ (about looo^ F.), it vill become 
huliflcrent to tJif.^ prcscocx; of n niiLgiietic nucdic, though on a^-aia 
cooling It vill \k as itetiw n^ l>i?for(;> A Mtiiilitr etYvct in pruduocd 
tipoii L*nTNilt. Nickel, at a nlill louer te:n|K^r»tare, losm tt« uMrtion 
U|jon (he lua^et, aa at OcC F. it exerts &carcel} any altraehve effect 
on the ueedle. So ^^at is the influcDc^ of temperature \i\toii a 
latignL-tic bar, that at a licat of Ijoihng itnti-r, the diminution of ita 
powerispiTcrptiblcby thcnuitwt t*-»t*. If the tan(>cnttiLn?cio uot^* 
cced^i j^thj: tnngntTtregnitiaibfroixtrotiLtHihti^. On Uiu other hoitd, 
by artificially cooling a ma^ntrt, its |hj\(iM' for tlie time is exalted. 

(189) The dimplcat mcth<Kl of jLaeertiLi 11111;; the iuteiuity of the 
povcrof i% m^'uc't, eioi^L4L» iu attnehiii^ to it» ^Lrniatiirc a aeak ]3ati, 
atid Ascertaining the amount of vciglit which it will imp{>ort; hut 
it is ohrioii* that thiit jdiui in not iniJMM*]>tihle of my lii^U dc^roc of 
bc<>Mriu*y ; it is, mtrtoTrr, in matiy <7uev, <]uite inap|>ticable. A Atill 
Kwii'f, aii:l mnre gmicmlly iDu>fu], hoPHiiSM! fur more ararumte, mr.'thrid, 
oonniiitii hi ■u«pcndifi|f the mufpiot tlelientely hy a fev fihr^ of jiillc, 
ami allowing it to take a fivf^d direction iioder the iuflueiiee of n 
stajulard mairnet: >t ia then displaced fromitapoaitifHi of cquiiibiium, 
and the tnimbcr of oscUUcion« which it deAcribea in & giren time 
18 counted. The ri-lntive intensity of the povrer of two or mors 
ban, which may tbii^ l>e compared^ 1% proportionate to the »qiure 
of the uurabcr of vihrsttiooa performed in equal iuten^aU of time. 
For OEtimating lo^*' decree* of iwwer^ the toreion of a glaia thr<^l 
(aa employed in Coulomb's elect ronieter, 1 1)6) may be uacd* The 
mntiial action of two niAgiicta is iiivcnely on the tqaore of the 
dbtaoicc between them. 

(190I Mn^nvHitm of Ihi Earth — Tlie Dip. — Tlie remarkable fact 
of the pointing of the needle towarda the DortJi pole of the earth 
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hsM hem csplAincH iifoii t1i(! liypothefOK that tlie f loW cf the fttitnl 
iunU IK » m^ipiit^ tlie |toli?s of wliJch am situated ncarfy ii 
of tlie ipLn oi roUitiou ; the maguetum) of ibc earth's iiorih pole 

heing of thi; same kitiJ n» 
Fid. ISO- ^ thiit of the unmarked «iid of 

t)ic tnagiwt. If A aiSAU 
miiguctijed iwf^lle, « n, be 
freely nufieiuled liorirontnllT 
by ft thread over the equator 
of a apliCTT (fig. 130) 
or tc'Q inches in duunettr^ 
til tlie AKift of which a ftnuU 1 

tlu? nocdle will, wbco the. 

cutis is homoutU, n in No. 1/ 
point tiortb and noiithr and wilJ ptn^cnc it8 humobtal position ; for 
it is cqiuiUy attracted by thr north iind «o\it)] polarities of thi- W^ 
but ifutie uftlie pu1e»uf Uic- nphcreW made i^ndiuilly to n\ 
tho ncL-dlr, UB lit \ij tlidt euJ irhu^Ii pnniuubly pi>uitL*<l iomi.nJs 
tlu0 |>ole n-Ul bcfciii to iudiuc iLoi^nnards, or to dipf nulU, «t 
situated catactly over the ix>]c, it4i dii'cctiou will become vci 
On bringing the r»|>|>ortii(* pole towardft the needle, *imilitf pbi 
miuiu lire? rcpcatrd vriih tlic otlic^ eud of tlie noodle. Simi! 
pheiiuni<*]m arc aUo eiliibit«d when a magDctie needh?, 
horiiOMtully at tht* equutoi of tW earth, i« rarri^<1 lo»ard» rilhef 
of itA p)1crt. A ne<?dlp, tlifrefore, which u1ii*ti ini[na;^Ti4*ti>nl is u}^ 
poiso<] as to assume a horiarontal position, m the latitude of l^onrbi 
sppciu^ t(j become hcnriir »i its marked end by the pn>ccn 
DjAgnetizntioti. An insCninuat by me-aus of \iluch the lu: 
unouikt of tbta tHvAinatum can be accumtely oliverred, i» calkd 

(191) DrciinaiioH or Variation. — ^The axis of nia^vctic powcc 
in the cftrtb doca not exactly correspond with its asds of 
tiotk, and in consequence tlie needle doc» not pcnnt due ni 
excepting at ihoe^c |)lac*c> uliteh lie on tlie meriduin pnuiog thruugi 
the tnaguede pole: in all other placeit it poitita cither weat or 
of the true iK>rtb. At the present tiiuo^ the tiiagnetie pole Ilea 
the west of the niericliaii of Greennich, ami the needle in XvindDn 
poinL* nearly 24° veitt of north. This deiifttton from the trui* norih 
U etdlcd the variation or dfchnatitm of ttie needle* The prindfol 
north ma^ciic pole, or point at Hhie}i tlic dij>]iing neetlk? «taAds 
vertieaUy, is »itiia^ about 96^40' W. Ion. and ^o'' 14' K* Int. ; the 
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Mratb pole bebip oeurlj in 73^ S. )&t. and 1^^ E- ton. Tlw mo^cdc 
oqtutor, or- lin^ of no dip, 18 inolinccl to the earth's d^uatur ut aljuut 
13°, and forro'i rd irrognlstf ciim^ cromiiig it iti four plAO0«. 

It m r^niRrkfthlc th^t thn dix-liiintinn nf Ui^ inAgnetic ueedle ta 
tin* cnnstMlt. Tn tU** ynar 1*^57, tin* ni>«!lp pnintnl due iioith ^ 
TjOddoQ, « it would tlo if tht^ mii^iirtir pnir vcrrv mntaini^d in the 
meridian of fiitcnwirh. It tlicn pa^^Msd wmtv^rtl iinti) the y«up 
1816, at vrhirli time the rariiition to tlic wc&t in London «u 
nnarlj 2$"; »iibce this time it kas been frradtudly r&turniD^ 
towvck the caftt. The rate of ]t« mottoa dSJtora iji di^n^nt )nrtA 
of its prof^rcu, becoming nlovor 114 tt approaches th^ poiut of re- 
trofpresioii. luilcpfiuWnt of thi>e gniiliml aad progrr^ivc chaii^e^ 
tiie vunittioii i» subject to diunuU uiovemeut^ of viry sm^ll amount: 
north ud" the magnetic equ&tor the nortli ei\d of the nn^Uc mwcs 
slowly ewtward to the forcuoou, aiid returns to itA uicoii position 
about teu in the eveaiii;^. These iDovcmeiits arc depotideut tipou 
the diurnal TamtiooE of temperature* Coiiuccted witVi thc4c altera- 
tionH are coiTC94K)iKliiig wiatioan in the dip, whidi during tljc laAt 
filly yvan tii^ beeii obaan^ed in Londuik 10 dimiuLnh aiuiuAilr more 
tfaui 3'. It lA now li^^4f something le«s than ^59^30'. 

(192) The iaicnsi^' of the earth's ma^eiisni is also found to 
yarf at dldcrvut poiuts of tbc Kirfoci': it is ivcakest near the 
equator, and iucrcu»ai iji strea^h ou ^pjiniAcbiii^ tlje poles. The 
poiatA of ^rcntr^ intcanty, bowurcr, du not coincide iritit Chc poles 
mt vrhich i\xe dipping Deodle b vertictd. The iat<^nsily doc» not 
fbUowa n^idar luw of increase. If the highest degn'c of intottsity 
lie I'Oj^j ami the moan bo 1, the lowest wtU bo 0'7o6. Both the 
maxirautn uul minimum hrrc nicmtinncd ri-c iu tJio southern 
bemMphcrc (llarri*' Rudimcnittry Moffnrtirai, port iii. p, 99). If 
lit be nippoBcd that th(^ ^li^he be divided hy a plane pawiing 
tbroii^i tin* TOeridlanH of 100^ aiwl ^^d^^ the wj^tt-rn !ienjisph*^re^ 
oimipricanic Ainerii^ia and die Pacific Ocean, presenu a biglurr in- 
teoiiity tiian tite eastern ; but the charge of the northerti and of 
the southern hemisphere is equal. 

The iotcuaity of the earth's ma^ictiMm, like the variation and 
the dip, IS found to sutTcr periodical cliaii)i;e». Besidea these 
repilor vanattoiis of the magnetiHni of the earth, otiier irregular 
rftriatioiii* hare been observed. These fanre hccn termed n^gnetic 
9tormi : they are ijidicsted by sodden and fximidcrablc disturbaaoe* 
of the nta^etie instrumcDts, of short diLratioEi, whieh are pro. 
duoed by some u-iOcly acting eausiB, na thcne di^ttirlMDicea havo 
bct^a notiCL-d simidtaiieously at very distant parCa of the earth's 
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counectecl nitli cLaii^" iu the soliu' nta>nfi|ihcrf, vliir-li are itjd 
cat^ by variations in tlu; tminbcr ftu] fono of thn upote u| 
tlic sun'a disk. 

Since, tJicn, the cartli mnj be looked upon os an udi 
mo^ct of Hti&Lt iDtcunty, it » nattind to expect tliut, und 
&Toiir4bk oircuiD»tance», ma^etic ijiiluctioa should uHm; fmni iti 
iiiBuctice. Such dTec'tifE arc iitdeed a>iLtti]uat]j oWrved. If a voA 
iron bur be pbced in the line of the dip, it ac()uir€s tctuponry 
iDa^iPtic properties, tJic lower extremity ictiog ft» the maried pol 
of A magDct upon a mn^etizcd niTdlc, while the upper extremit] 
net* a« tbc nntiiarked pole. By reverung tlie iKwition of the 
Che end which ift now tie loiter yiUl still po^tne&H the magnetnin i 
tlie marked [)ol<-. A biir of »twl, eueh na the poker or totip a, vbic 
is kept iu a vertical posi^oii [a line in this latitude uot lar reroc 
from that of tjie dip), is Irom thi» ettEuur frequcoitly found |wnna- 
nciitly, thoDgli n^cnkly, tuiignetic. It U to tlie vame cauw opcxating 
iipoiL tliL' loiulMonc through the hipc of agefl^ La tlie same diroctjoo, , 
that iu ])(i1arity in to \)c a.'^erihed, M 

If a tt\*^t:\ IJur be mmle 1o ^ihnttc while jjlaec^ iu tlw Hue of tJw^ 
dip, an by ^Ivuj^ it a sniurt hiuw, it i» uiA^'iicuscd hiUX luure |X»ner- 
fully, and this clfect luaj he Mill fiullter iucrcmtcKl by the itiducUvAfl 
jitlliieiicc of other (iLik«>cfl of iron pliecd iu contaet irith it. Thus^ 
by (dlovi~iiJg a vtcci bar, snipported in the line of the dip, to rc«t 
upon nil mi\-tl, luid ab'ikiii^ it ^tion^ly with n LauiUkcr, it l»ocoiitcs 
dwidvdly mtti^ti-tisted. All i^ermimcui magnetism may, hovc^-cr, 
again be removed troni it by placiug it oerots llie Une of dip, oad 
strikinf^ it two or thr>*c hlow« aa hofnrr. 

Iron, nickel, and eobnlt are the only AulMtancrw vhieh are pem^t. J 
fclty ntn^ctistnblf^ ; hut n »U3iccptihility to nuipu^tunn in ft modi fl 
ftxjbler drtacct brm, hy tJie resfWUxJiCa* i*f I'madfty mid oihen*, hecitH 
pruv<4l to rxi^t in a variely of other liodiea. Before dcHirribin; the H 
method in Avhich these experiments wore conducted, it wtU h jl 
necGSSftTT to eiamine tlie leading phonomcua of dcctricity, aid J 
tlicse will DOM- be conj(idcrod. | 

* } II. Static Si-ccTBtcnT* I 

{193.) The force of eluctncity \a one of tho»e mibtlc uid A J 
pcrvuding intltienct* wbicli arc intimately coimectcd with tbt H 
operations of ehi^fiiicnl affinity. Indeed soroe of our mort emiBdU ^t 
phihwipTicia kave been disponed to Te^rd electricity and chcovicil H 
ftilinity in the light of diliereut nuuifcstatiom of the uune ageiL H 

i'or u;iwardi of icoo ycftiv it ku bcca knovu that irbco ■ 
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aint)cr is rubbed upon auch bodice aH fur, or wool, or silk, it 
acquires lor » hhori time the praiieriy tii^t of attractinf^ lifrht 
objects, such as fn^enu of paper or partide^ of bnui, suid oAcr* 
nrdtf of rpprlliti^ tbem- Tutil about ajo yem ago, aiabcr was 
the only kiioiiii suUtancc by whH^ nich effeaU ^rcre produced. 
Dr.GUbuTt about that tiiacdiaco^xircd that a aumlicr of otlter lioditv, 
nch as ^\a»i, Ecalin^-WAX, and sulpbur might be iLjuJe to cxdtc 
aiioiiar nk^tions. The power thu« called into action \im been colled 
tkctridtyf from clfctmm (amlKtr), the body in which it w finit 
olncrred. lodfpmtktitly of itn origin in friction, it boa been 
foaud that dcctricity i* libcraK^xl )>y clicmical action, by certain 
vital opomtious, by heat, by ma^ietiam, hy compresaioa, and in 
fivt by almovt i^xry nu>tiou Umt occurs upDU the lace of the 
globe, Ekctricitj neitht^r iiicrvaaui oor diminisbcs the weight of 
bodi» tiodcr it« jullut-uct; ; atid ueiiher cidiu^tx nor reduces their 
bulk. It luay he c;xdu.-d in all siib-itAutT!* ; may be eouimoui* 
cateil from oue ckrctnfied or ejcUtd Ikjdy to Juiutbcr prciiously 
iu o n€u4rai or iiiHJi;ctji3e>d cotiditioD, ajid it may bo j^torcd up far 
the piirpnacn of irs^perimcnt^ 

(i^) 7W Kiniia <(f Biecfridiy^ — A TC*y nniplc cowtriranco 
will aulUct' for examining the furidameEiUO plicoomeiiu of cloctrictty 
as dcveJopod by friHioii : — 

Softcu a little Hcaliiig-Wftx in the Hamo of a cuiuUe!, aiid draw 
it out into a thread eight or ten iibdiefl long, aud of the thicluieaa 
of A atoui lutittiuff ptu. Att^i to 
one end of it a disk of pa|>cr aljout 
an beds i>c)uare, as rcprc»^it«l in 
fi^* rjj ; Enu^nd thia rod and disk 
by mpaitt of a i^i>cr Btirmp and a 
tew 6brca of nnspun silk trom a gla^s 
rod Ried korijwQtaUv U) «omc cou- 
rauent support* Now rub a ^tiek of 
icaliug-wax with a hit of dry flaniid, 
and hrmg it near tlic pupt-r diitk : the 

dijtk will at 6r»t he i^trungly attjactod, j p\ 

and wilt tkcu bo as atrongly dhren 

away. Whil^ it ht in thia condition 

vtf repuUtufi hr the wax, brin^ towarda 

H a wano gUsa tnlK? that has been 

lidibed with adn- silk handkerchief; 

tlta di»k will he imuKHliat^lr attracted, and iu an infttunt aiknrarda 

it viU again be rcpelM, hot it will now be found to be attrj^ctod by 
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the wax. It U tlcrffore mdeiit, ihal by tbe friction of tlic f^an 
anil of tbc MUX, t^o^iRiilar hut opposite poiicrs are dcvclojied. A 
bodj- yih'vii Ijiwbecn elortrifusl or charged irith electncat^ from tli€ 
Tax U n^iM^W hy the nftx; but it b attracrtcd by tlic rxciUil 
gliuv, aiid vice verxA lu order to dUtiugiiiah thcae two ojjpooite 
|>oweTv from each other ibat povicr wfaicb b obtained from tbe 
gliws hoA been termed viirttms or posriive electricity ; tliat from 
tlie uax rtAinofis or rifffative electricity. 

Let OS suppose that the paper ilisk ha^ bceo charged by 
means of the gtft«« tube, «(> tbat it is repelled ou attemptTTig to 
bniij; the gln^s iitMLr it; tbu« stutc nil! Ijc nrtaincd by the di&lc for 
many minutes. Ttiu euiitnranee forms, in factj an t^tffctro$eopef1or 
it fiinii»Jie» a means of nAcenainiiig whether a body be eleetrifiiod 
or not. and i^ven of iixiientiiig the kiiul of electricity. SupiK»« 
that ft body su^jiected to 1>e t'leetrirteil U brought near the dbk, 
vhicb Ls in u nltiU". repulniw of the |c1a» tuljv; if re|)id&ton 
between tbe disk and the body whith ij» being tested tbr eJi 
Irieity, it in itt ntuM obvioutt that Hk piubntJUAce is etc^nAe<l ; ui4>i 
Etioreuver, thnl it Jh vitrLutisly L-WetririeJ, vluctt tt jirotluees an eUto 
tamil^LT tu tbut which woidd be e^Libited by un e^eJted glAaa tube. 
The phenomena of nttrftciion and repulsion may be further 
c:i(rmphGei by the following- eipcritnoutei. — $ufipcud two 
btrawB, separately, by & fibre of nilk, cadi to a |;Imm 
rod (fit;. 133); bfing an exeiteil atiek of Bcaling-itiu 
toward* eoeh ; each vr\{\ ]ye tint attrorted and then 
repelled: whiUt tbnx repxilsive to the wax, bring dio 
one near to the other; they vill recede from each odMfi 
as they did from the wax. If l*oth «tratva be excited ty 
glom, they will in like niAnncT rei>el each oiIhtt; bui if 
one be exeit4^<l by the gtowt and the other by tbe unx 
11 they Kill attmet e^h otlier, Henee ve hirn, tiat 
U bodic« flimilm-ly electrified repel, thoee diifervntly cl«> 
tritiett attract each other. 
ProceediDK a ste]* ftirtber, it will be found that vbenever tro 
bodies ore mbbed toj^etlier^ both kind* of e]ectridty arc hbcmtMl 
but ao \iiufi as the tvo bodies remain in eontoct no viitn of the 
prewnee of cither electricity apjicars; on r^cpanctiiig tlu-ni, bcth 
are fonnd to be electrified — ont vitrcoujjy, the. other resinoiulx : 
for example, stretch a piix^c of dry silk orcr a brass phite, and 
rub it upon a ^I&as plate ; iw long as the two bodies are in no- 
toctj tile quantities of each kind of electricity aet free njv preei««ly 
aiiffieient to neutruLtcc each other, but aa soon as tbe platca ire 
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th^ glaat will re|>c) tbe clj«k (fig. 13 1;, while iha ulk 

Itlnct iL 

(195) Inrulatttra and Conduetors^ — BwiM-i tUut Imve Ijoeii tlius 
eleetrioJIy excited^ retiim Uy tlietr TieiitnJ roitditimi whtMi umclioit 
by other aiih*tnn«**, but witb dejifree* of rapidity il<'|>f»mJuig nti 
tlic kind of buty nhicli toucbca them. A ix>d of »ttuliii|;-«ux or 
of shell tac may, for example, be held in contact witli any electrified 
body lAitkoiLt sensibly lessening the chaJ^c : but the momnitaty 
toucb of a metallic wire, or of the hand, is sufficient to remoTO all 
indicutioDfl of electric cxdtcaient: it U therefore obar that there 
are 9omc bo<lic4 vrhicfa mdtly allov tbe pa«rag9 of elcctricityf and 
these are tcrmcA eondmdon ; whilst there are otJkcnt which do &ot 
eaaily idlow it» pii:<Ni^, ai»l tliette are called imulaiar^. There ]>■, 
liovrerer, no almltite line of diitirction between the»e two cliboes of 
bodied ; there is no mieh thing a^ jwrfeot in^ialatioiij or perfect oon- 
duclioii, for the two claanefi of bodies pasa gradually otie iiit'i the other. 

In liie following tabic ca^^h snhstance enumerated ia superior 
in iasiilatLug [wwcr to all tlioa© which Ibllow it. The nearer the 
ffubstauceiB to the bottom of the tabic, the better, on the coumu^y, 
ia ita conductiui; power : — 



Dry Oases and Dry Steam. 

SlicU Lac. 

Sulphur, 

Amber. 

Resins. 

Gutu Percha. 

Diamotid. 

SUk. 

Dry Fur. 

GLm. 

Ice. 



SpcnnaceU, 

Turpcntirc and Volatile Oil«. 

Fixed OiU. 

String nod Vegetable Fihrea- 

Moijft Animal Substances, 

\Vator. 

t'lnnic. 

Alelted SaJte, 

Plimihago, 

Charcoal. 

All the Metids- 

Cmductort- 



Any objcrt U spoken of at being elcetrirnlly insfilaittt Tdheo it 
in BXipportrd by mi^n« of «otne badly-eonduetirig fmbxtanee which 
prcn-titA the frrc (Htrap^ of the elertrieity, Tliir prescoee of UKiia- 
tun' depoKit^'d fnun the air iipoii the rarfitceevcu of the Iwat insu- 
Intor, onuTerU it f jr the time into a coudiielor. and ia one of tlic 
nKwt luiuoyinj^ impcdimetita to the suceeMt of electrical experi- 
ment*, a» the power is carried off m fast as it is accumulated. 
Glaa» i>i especially liable to tliis incoiive^iieuce, but by vumishitig 
it when pmclic;*ble, and keeping it thoroughly warm, tbc diflicnlly 
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U iliminikbcd. B^ due precautions in^tnuncnts may be C0d4 
£tructcil vhidi, iu ilry mr, will preffirvc n cl^rgc for bctgt&I bourft^ 
The inott pcHkrt mmtlatonsttU allow ductric power to tmrerie 
tliem, altUoiigU t>j a proce^A cltftf-rvijt from ccnuliiction, anil hence 
they Are termctl Dielectrics. Thiitf, if one (ude of tt |)Iat« of ^l2» be 
etectri£ed by rubbing it with & piece of ^-ilk, tbo o|>]x^Hite fact aloo 
acMjtiircs the power of attractiug partiirlu of lirao or other lif;Iifc 
objccta 

(196) Elfcirtacopea. — Various inBtnunenta hiTe bwn devised 
for detecting fct^blu chatf^H ul' dcctridtj. Ouc of the iDOflt ooi^ 
Tcnient of thcac ia the gold Ur^f rle<irf>$eof^ 
(fig. 133)^ which is scnfiible to cxtri'miljr adbU 
cliorgcft, it comiate of & pair of gold leaves sua* 
pvndcd from tlic lower extirmi^ of a mctaJtie 
wire vrkitih tt-nninatc« alxnc in a brnM« plate* 
The win* \» in^uUtcd by posoong Uirough a 
varniiihe^l gbiN» lubtt, packed with Hilk, ooil the 
vfholi: Ls Hurtvuudvd and BUpptirWd by a gUtt 
C4u»e. Tlii^ apjmjou'li of an <-i<riU-(l body iunitantly 
cauAta tbtr divcrj^t'tiou of the Itarts. If & gU« 
tube bo rubbed witli a dry handkerehlef mni 
toiidicd with a anudl dink of |>cip<^r insulated 
by attaching it to a rod of aeidliig wax, an dirccUrd in ]>re|i>anug the 
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«Jeotroeoope (Bg, 131)1 a unall vitreow 
c)iarg« wil] ht r^oeived by the paper, aod if 
carried by it to the cap of th^ electroscoj 
the leaves will diverge pcrmanciitly 
vitreoup plectricity. Th*? approaeh of 
g1a» rod vould cause thr- leaves to di' 
furtbrr, whilst that of n stick of cidtcd 
wax woidd cause thnti to colLapac. 

An in«trummt (fig. 134.1 called a 
tormrt ehctromfttrwMd£firiffcd byCoukuab 
for accurately mewiuhug minute diflisrenoei 
in the amount of doctrieal force. The 
force which he oppO(*ed to lliat of dec- 
tricity was :he reai«tauoe to twatiA|; 
which is offered by an elnacic thread. A 
fibre of fiilk, a line ailtBr wire^ or a thrcid 
of glaan^ ba\o been used for ihc purpoee of measuring the aa^ 
of toreiou, thtM angle in perfectly claatio bodies bong esacUy pcO- 
portioned to the force applied. 

By meai» of a long glu«t tlircadj fastened above to a pa, r 
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(carrying An ia^cn whtdi tmv<T»rji the §;rndnntrd pUtc a), a oecille 
of hUpU lac ii dikspentlcHl tVcclj in the gla» cuac a. Tlit» uixlUc ia 
terminated at one cmd by a gih btUJ^ 6, at tbc other by a piipcr 
diak which >crrot» to check ito oMilInttotia. In tlic ^Jimm cover 
of ch& iiiTTtnini«nt b a aoiiill npcrturu thrvm^h which another ^)t 
ball, a (the carrier], alao auapvniled by nJicU bw, can be lutro^^iiccd 
uid witlidruwii. In order to ecjuulisc thu iiiclu<.«4ionj two narrow 
«ri|rt of tiikfr^i), ^ Olid rf, (?oiuiecl«l with the earth, tuil buvitig a 
narrow intf*rvjil bettre^n thi^m, nre parted ii|ioii the inxiih' cf tlie 
gloM cylinder, one a little above luid the other a little below die 
Icvt^I of the balls; a grafhiatpd ciix-Ie ir palled on th? ^laart tor 
racbng off the angular deriation of the needle. When the iufitni* 
nent ift to be used, the carrier bat) is ai^juatcd ao that after it has 
boon removed it can with certainty 1)c replaced iu the aamc posi- 
tiOD AS ftt tmt \ the bidl u\Hm the nccdJc i« adjusted by turning 
the |»i» until, without oity twivt upon tlic throtd, it «huU ji»t touch 
the cmmcr, it* cvntrc Iwiig at tlie »cro of the !*c»le, aiiri the position 
of tjie index on the upper gnuliiatetl plate, ti, iniioti^Ml. The rarrici* 
boll, o, is next miulu to touch the object the electricity of whicli 
is to he tiiea.<ur(-i1 ; it take« otF a quantity proportioned to the 
amount oreun^ulatcd oa tlie apiit. The ball a ia immediately 
replaced ia the imtrtiment ; it divides ita cliar^ with the IjqII b 
on the needle, and repulsion enatiea, I'hc liircod which aupports 
the needle U then twisted until tJic centre of the ball A i^ by the 
force of torsion, brought back towarda the carrier^ a, to wnnc detcr- 
minatv mn^lc («ny ^o^i niarkc<l on the fnwUintii>n of the glaaa eaae ; 
SVppoac tbc niunTM.r of dc^x^s through whicli k haa been neccwury 
lo iwisit the thnrailtobc iGo^; 1 60** -f 30**, or 190' will retm^dcni the 
rcpuhiri- rurrc. 't\} compare thi« amoant nith tuir other quantity, 
the bolU muAt Ik? diacliorgcd, and tiie experiment ropcBted under 
the new cuiidiiiotbtv, noting the uuinTjer of de^reea of tocisioQ 
rei|uircil Ut uuikv ibr tuTtHc atturil at 30^ lu licforc : ihc amount 
of the f^rce ia directly pmjMirtiuciatc lo the tor»it>n angle in the two 
oaaoa. Suppose in a second cxp*ninicnt that the thread niHtain 
M twist of il$o^ licfortt the ball A u brooglit ba^rk to thf^ an^lc 
of yt^i the force will now 1>c 180^ + 30"^ or 210**, and the reljitive 
«lQctrical reijulsjoua in the two CLpchnieatfi will be n% 190 : a 10. 

It was Jon^ imafrined that iion-condneton only were capable 
of cxcitcineiil hy fHetiou, Hiifl hence thry wcrt* termed efcf/rirt; 
aD bodipsi. however, if proper care lie tak«n to inanlate ibem, 
exhibit thin pltenomenoo. If, fi^r cxamide, a pieoe of bnas tube 
inmilatcd by a gtaas liandle be rabln^l u|Kni fur, it reoeirea a 
chAi^^ Bfi may be aliown hy briaging it near the disk of the dec- 
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tfCMOpC (fig. 131)- E^'CD two dicuimilar idpUU, aftor lieing hrottgibt 
into conUct vith cm^K otlier ntav, with proper pTWaiitioni, be 
mftcic to iibon- vi^iK of t'Wtnc c*Kcitvmeut on being M^pniiitcd {22^]^ 
Tlie fHL*tioTi ai ftlaw* tgminitt mcul qit^nd over silk is ftttcnclnl 1^ 
umore powerful development of electricity than when »ilk uUincv 
tued ; and an amatpam coiLtintinj; of 1 ]>art of ttn, 1 nf tiiu\ uni) ri 
of rnPrciiry, nibbe^l to fine pcmler and Tnuril iritli ti little janl, U 
f^nind to be liighly etfeetual in nalting the force wliicli i« f loveloped. 
Tbc eamc substance, however. <io(.% not !Ll\ray« manlfi.^ tbe aaiae^ 
cledrical conditioii ivhen rubbed : glass when nibbed U|>oti 
bocoDicti ritrcoiisly exritt'd ; but if rul»lK?tl on Un' fur of a cat it 
exhibit* R-«mous elcL-tricity. Tlic nuiount of friction neoGftnr;' 
to produce ek'ytric cicitciDent w cJtceedin^Elf amall; tbe mem 
dmving of a bandkerdiicf ocroA tbe lop of the elcctro*c*^}*€- (fij^. x^\), 
or fi^ea across tlie dothea of a person infttdated by btajidiiig on a 
cake of tgall, or on a atooJ mUx glaas tcga, proWdctI be touch Ibc 
cap of ibe inatnkRkf-nt, is aufliciont to cause diver^ruec of the IcnTcs. 
The simple Jict of draiviuj* otl^ eilk Moekin^s, or a tlunut:! wtu^^tooAt, 
or the combitig of the hair in frosty weather^ frequently occasioBi 
the vnappiiig un<l crackling ncnse due to the electric spark ; uid tlie 
stroking of thv fur of a cat at such a scjl?^u is kuown to produeei 
aimibii' elfocta. ^M 

(197) EirrMcaf- //f/^dfA«^jff9.— Tbcve virtoio phenomaiift Im^^ 
been aecouutcd fur hy two piineipol bypothosei. 

One of tb^e, coniTnonly known » ttte ' theory' of one duJd,^ 
\i due to FrankUn. Ekvtricity, upon tliu« view, U BiipjKMed 10 bal 
n subtJe itnponderable fluid, of whiHi all boiUt::i fMnueaa a dtiinfU' 
ahaic in tbetr uaturaJ or lumxcitcd slate. D^ frlctlim, or otberwiM^ 
tbia normal *talc ih disturbiHl, If th« l>ody rubbed receive more 
than iu due abarci it ai^junvn vitreous clixlncity, or, in the :rraw 
of FrnnUliu, l>eoomca electrified poaitivcly, or-t-; vhilnt at ibceaaM 
time the qunntity of doctricity iu tho rubber which boooonca 
ruinously clinrged is supposed to bo diuiiui«hed, and thus A^ 
rubber lu^quin^j] si negative or — ttato. I'VanUlin supposed thr ■ 
parttdf-^ of the electric fluid to be highly a©lf-»cpaWvc% lutd to be 
powerfnlly attractive of tJu? psrticle* of matter. - 

Tlif othi^ by]>ot'bi>siH, the ' theory of two Ruidj*,' wasi ori|i«| 
nally pro|io»e*1 by Dnfny, Aconrding to tlin» view th*'n* are two^ 
rlectric fluids, the vitreoun and the rc^^inoaa, ivjnal in amount but ^ 
opposite in tendency; when a««ociatcd togetbur in ecpuJ qiiauti^^ 
ibey ncutndiie each otJier perfectly: a |>ortion of thi* oonipottml" 
fluid pcnradca all ^ulMtnneOM iu their unexeiti-<l trUte. Ity ^iciiaa . 
the coDipouud fluid ii decomposHM] ; the rubl>cr a<xpurei an euen 
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of on« Huid, any tlio ri^-iinous, And tha^ becom<!!i rcamon;iJy cxdtcd ; 
tbe boOy rutibed Uikoi up Uie ooireajxmdini; cxtxt^ of vilrt'CKiA 
olcotrioit}*, uii<l bouomc* vxeiCcd ii-itreoiudy to an cc|tud extoiiL 
Upon Uiid viow the partielm of eiLch fluid ore volf-rt-pidoirc, but 
powerfully atm^et thoM of the opposite kiod* 

Tbe laugufLj^e of cither tUecry mny be employed ixi order to 
dLatingiiiflh cbo two kinds of electricity : the term vitrooiu c^ poei*' 
tive ttt%Y be used iuditferontty for one kinH, and rr^iiionH or ocgft- 
tire fat tJw otber bind, proridcd it be liomf^ in mind that positiTe 
xnA negative Ate mere distin^Tshing terms: negAtirc deetridgf 
bcin^ &« rfsl & force as the pobitire. 

It ia manifest that ooe or other of tJicsc hypotheses must be 
&br, yet cither will acrrc to connect the facts together. The 
supposition of a& electric fluifl U, uotwitlistandin^, grnduiiLly bcin^ 
ahotMloiicd, The $uppu»ition of n gr&vitotivc Unid mif(ht, with 
ueorly as much ]>repnety, l)e iiiM«ted on to ciplnin the phciiomCQa 
of gravit-ttion, or a cohesive fluid to arcotiiit for t,hu!«c of cohesion. 

Klfvlncity i^ nov regiLrded ii coin|>ouad force, rc-marhubk for 
the peculiar form of actiou atid reaction which it exhibita. This 
kind nf ai:tion and rcachoii foUows tbe same taw of ctpmlity atid 
op|>oiitioii in iu manifestAtious a» that wbieh is exhibited moro 
ohi'ioiisly iu tbo phcnoineija of mechanics. Whenever ntrcona 
electhci^ is manifested at one point, a corivsponding amount of 
reunotu clocthcity is invariably developed in its vicinity^ rciictini; 
against it} Mii thus eQ&blmg its presence to lie recognised) although 
this rcoeting forw! may not be immediately iKTei'ptiblc. 

Ttie ptienomcna of ritreous nnd rc:«inouM electricity may be 
rudely but not iimptly illustruteLl hy thow 
of Hajitifity fxhihited by ah ordinary springj 
w* nhown It ^ lig. I ;j. The Hjinng in it« 
uiu4rKtcbi-il wtaie may rcprocni Uie body 
in its uiirtrctrificd C4>iu1itiimi U then dinplftys 
notbiiig Iff the pixuliar jiower tliut it jJutMcatjiNi, 
The Bpring cannot be rtxetclied from ouc 
exttemiiy ooly^ but if fixed m one cud, cu» 
by hooking it to the pin, v, u weight, w, may 
be affiled to tht' other ead, and it will seem 
to be tttretelied by one force only. In 
renlity, however, it id not so; for by subeti-* 
tnting at V s weight Ciju7«I in amount to that 
at w, in>Uead of the lix^d point p, the strain 1131011 the spniif 
remains unaltered, bnt a rcaetion, eqnal in amount to the original 
action <^ tbe weight w^ ia instantly rendered evident. 
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80 it i« iriA olaotiidt^i ewe* not unfroqacntly occur vfam 
tolj- one kiftd of clcctHciij ftocms to be prtwjni, l>ut a o^reftil 
ttcuoiaatiou vriU always detect an e>t\na\ miiomit of the oppoaitt 
kind. Tkia essentiiJ ebanctcr of Action and roftction in the dco- 
tnc«tl force will )>o more olearlj lUtkiiifiMted in the tfbllowinf 
rauuicA &nd cxpcriiueutBp 

(198) Riectriral Indiurtum. — Ln the i^rocwlmg c«*e« the alee- 
trinity hns Iw^ni pxrittx! hy frit*Hon aixi ivimmitnirfttftd to odur 
b™lu'5 hy cnntat't. An ijifculAtcd charged \*oiy, bowerer, exfiii 
n TVrmiurkAhle BCtion nfion other bodin in ita neighbooriHKid. 
LoD^ before contEkCt occurs, the mere approach of mn eudtcd 
glatt tube tovardH the ulcctrosoopc cnuncs dive^eace of the 
IcAvoA, uid ovi rernoviiijf the g1a«», if it hare doC been alloved to 
touch the cap of the iutitniTiient, aU si|rii.-i of dUturlwtkce cease. 

The following moiU^ of i>cTfonniD^ tlte expcrimcat vill aflont 
a niearts of exacuniiiic lin% action of au electriScMi autntanoe 
upon objects at a diatauce : — 

Pbce two cylmders of wood, 
or of metal, each auppcfftcd on a 
vaniiftlied Mem of ^\xs^ eo aa to 
touch each other end to end (fig. 
136, i); from the outer cxtreniii 
of each suspend a coupJe of 
ba]lB by a cotton thready mad 
ttie excited glan tube noar one €tjd 
of the amngemeiit lu k1>o«ii at %. 
ElMtric diflturbtnce «iU be fJmra 
by the repxiUion of botli \tam 
balls. Separate the two cyli 
witliout toudiing the conducting portion, luid tlicn remove the 
tube; tlte 1»dl9 will still continue to ^ivtrgc (3). Bui Irt the 
plaaa be ugnin broiq;ht ucnr ; the bolb* on the c^rliiider originally 
tKUt^st the gInjQ nill oollnpHc, showing tbb cylinder to Ijc 
TMnounl^ dcitcd, while the mmc excited glaatt vill cause the 
balli oa the/acr/Aierr cylinder to ilivcrge from the prwonee of 
ffiAvoM elootridiy, Agmn, Tvmove the ^laaa altogether, cad 
bring the two cylinder* into contact 1 a flpark may aomeCinioa 
be toon to paaa between tJicci, and both pairs of boiU will 
immctliately oollapae and continue at reat. The entire lunonnl^ 
of fcroi! eviBtiug ipon the two cylinders taken toi^lwr remafal^P 
the antnc throughout the whole period of the eip^thmrnt, hiit^ 
ila distribution is altered, u in nhoirn by the poaition of the 
aifiu -h and — . The expi^rimeiit niay be eiplaincd in 
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folkrtrtng louincr ; — SupfiOBC the two cjrlindcni to He in tb« 
Mmim] utatic (Ko, i) ; on bnu^iug the excited gli^"* tube ucea to 
ibnm, tie recinoiu, or aegntive dectricitf, ippcar* to be dronu 
towArds the end of the cylinder nearest to tjic gla^r &^ in No- 3, 
whiUt the iliici^e^ed potiiivo clf^ctrictt^ c«iu«a llie balU oo 
Ivrth cyliudprs to divci^: the moment tho gliuv in ri;mo%-ed, ib« 
iiefHitit-e el^ctrieitj- reiliHtributr* itiolf an in Ko. i, *ud the boib 
coHajwc ; but if the tir» orlinclffm K? u-iieu-ntcd before the glau tt 
reni4i\ir^, and if the eiettcN] gluM be tJien witb<lrttvii, the resultA 
will bo stioh as ftre mpn-Nf^ntinl in Xn, ^, in wlioli t[ie QQgalivs 
clectncitT- od one of the (yVmiUrrt is more tlmu sufBdcitt to 
neutralin.' the positive, ADtl henns the bftlb dix«r|[e negatirdy; 
while \ju the other it i-t les^ thnn fdifficicnt fur lJn> poakive, conas- 
qitcntly the biUU (Uvi^rKe «ith fv>sitivi' elf^'tricitj. On caQabff tfae 
two ejUndcrs to approach each other irben in thia vtatc, the two 
fcroQB vill ftotitiiitie each otiter, xt\d if of eufficieat poircr^ the 
vcunioQ vill lie attended vith a ^li^^u aparlL 

lliia action at a diatanee of oue electrified body upon oUiers in 
Us nc^hoorhood is termed cferirical i»4tictwn. It is a prii>ciple 
of toy eiteiudr« applicatioo^ and indci><l il ftiniUliiM a key to tJie 
€xp(ajutk>n of the greater niunber of cJoctrical phenomena. 

Aii iii^taDce of electrical indtiction is afforded in tic action of 
the gold iettf etectroicopc. Ld i (fig- 137) rcpre*eiit llie iaatru* 

Pie. 137* 




ntetit in a neiitnU »tate. A* »oon as an cicitetl glass tube, o» ia 
naoied to approach the cap of the GloctroMKi|ie, the Icarea wUI 
diverge, *• at 2- Wliiiai the gla^s lube b MiU ucnr the iu»trii* 
tnent, lei the cap of the dcctru^ct^pe be touched with the hand, 
BO aa to miitiHulate it for a tnoukciit, oa at 3, by plncin^ it in 00m- 
iiinriiL<stiun with the earth tlirovif^ti the body, whieli aeia iho part 
of n couduotuTi the IcArra will collapse, and the iiutnimirnt will 
aecni to be qukacrnt ; oov remove the finger from the oip, and 
then tnke away the glosn tttbe a ; instantly the leave* diverge, and 
tlie electnMoopc i» permiuiciitly eharged, in conacqaonco of a 
riuutge ill the dietrihntion of the eloctncity, a* repreaentcd at 4. 
Hut its cLai^ i« aot pmtive like that of the ghua, but negative \ 
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£o€, if th« gift*!* be »gnin lirought near, the Ic*^^^ will <y>llapi6,^ 
«hilc ft intick of rxdtLfd witx nill mtikD tliom opi>u out furllicr, 
The«e eifiM*!* «ri»f- frtim rlw?trit-jd iuHu<rtion, an-) the |irocieHs vhif^h 
tftkra plftce in 1)0-lievo<l isy Im> tli^ followii^. Th^! approach <tf tbe 
tube in the first >tt!«t;nirf^ i^ime» the negative elecdiciEy to ftccu* 
mulatc in llie cap» tkt iit 2, where it i» rviaiaed Uy a epcciiM erf 
attraction. The leavevt therefore di^^erge with a corrtnpoiHliiig 
quantity of positiro tlwtrk-ity tlnis set frw; things being in thu 
fitatc, a touch U bufficient to neutralize tlie excess of positive el«- 
tricity, as bccd ui .^, and the imtrumcDt appears quiescent. Reoum 
the glass tube, Iiowcvcr^ amd the negative electricity that hnd heeo 
accumulated on the surface ofthc cap sprcadn out the whole iiuktn* ■ 
iTient, and the ]eaT<es diverge with negatirc electricity (4). ^M 

lu all tliewi? ciiftCs tlie excited lio<iy itaelf, tieiliier looes iw^ 
gaiiii^ diirtncily by the procivtw jii»t dent^n^Hd. The Doode in 
vhidi this transfer of force frum a distauce is cflectcid atiJl ra- | 
maina to be f!onsidere<l. 

[199) Fcradai/s Th^tny 0/ luduct'wtK — We owe to Fartdw ] 
ft theory of th^^ eB'ectH which liaa been tliua conciaely Bumnieil 
up by tiir W, S. llarria {Kudimeniaty El^tritity, first edilioa« 
pp. 33 and 34)< Mr. Faraday 'eoucetvcs electrical indnctioa 
to depend on a physical action l)etvr«en oontigiiona partjckit 
which ncrcr takes place at a distance witJwut operating 
tliruugh the in(>1cetdcs of iiucrvcuing uon-^oiidueting icaiKr. 
lu tliiiwe iati-miediatc particles, a squiratiuu of the Oppo- 
fttte electricities takes pl^tce, aiid they become diitposeid in aa 
alternate »eric:A ur BlUCl:csJ^iuu uf poi^itive or uegative points tM 
polo : tJiU be terms a potai^^aticn of the paitieki^ 
aad in thiw way the force is tmnafcircd to a £»• 1 
Uuicti, ThiiJ, if ia fig. 138, p reprwrnl a pointiiclj char^ [ 
body, and a h c d intcrni<^diiitc porticlcit of air, or otlu;r 
noTi -conducting nuitt^rrj then the action of r u trmnvifcTTcd 
to a diataut body, n, by t\\.v. si^anition mxA ulo^tncal 
pt.»hinKation of the«c purti<?l™, Ludieatcad by the •*!!» 
of black ajul white hcmiicphenK. Xow, tf the |inrtidrt 
MJ\ ^^^ maintain thi* utale, then lOMduLion obtains; W if 

^ijl^ the forcct communicate or diMrharge oi»e intn ibe 
other, then we have an i><iualization or mmbinaiioa 
of the rcftpetaive and oppo^tc electricities throuKhont the «hule 
w^Tie*, incluiiinK r and w/ . . , . ' lie aasumea thut aU , 
of tiiattcr are inoro or less coadtietcrs ; that in tbeij- (jui»c<^ii i 
they are not airan^d in a polariRcd form, but become so 
influence of coutigtu^us and chai^ particles. Tbcy ibco aaauaai 
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a forced tiAia, &ud tend to return, by tk powerful tci»io», to their 
uriptiikl QontULl pmiiioii ■ tbut boitif- wfm* or /«M oondurton* tJto 
particle* chu;^^ eitlier bodtfy or l>y poJarity ; tlwt ooiitijjfuouK 
fMTticlcs CML communicate thetr forces nujre or ]e«i reaJity cue 
to the other. When le^ia rearlily, the polftrlsGed state riften higher. 
Anil fjuu/tf/ioN is the rc«nlt ; when more reaflily eondticiion is the 

convqnenoe.' ' Iiidur?ti<Hi of the ordinary kind is the 

aetiou of a ehsrgcd body npou iiif<utnticg mutter, or matter the 
puticlcs of which oommimicatc the irlcctricjil forces to each other 
in an extrcraeljr minute dt^rec; thu cbirged body prodncing in 
it nil equal ftmouTit of the oppimitv force, and tills it does by 
polnriziiig the pnrliek**' (fig. l;lS). 

(aco) Distribtrtioii of EUrtric Charge. — Bodies Tia^cptible of 
thi» itolftritation nrc termed diehrrtrica; and wbt^hcr tiny W *oli(l, 
liquid, or arnfonn, tlie electric forces )h Lmnamitted Ummf^h ihum 
IVc«ty. A pane of glAs» mtcrpoacci 1}etveen the excited tube and the 
cap of tlie electroscope will in no seu&ible manner affect the diver- 
gence of the leave*, which will occur m usual ; hut the interpoiition 
of aa omnsulatcd sheet of tin plate, or crcn of a screen of mrc gause, 
will cfTectuaDy atop all signs of electric excitement on the leaven. 

OwinjT, ho^crcr, to the mok-ciUiir uettoii tiy winch induction 
ia propagated, it mAy, under ccrtiin circum* 
«tancc«, be traced ronnil the edgc« of «ueh a 
H-rren, atkd it nifty be continued eitlier in 
cvrrecf or in straight IbiOA. Let a (Ag. 139) 
rcprcwot a mm.*» of »hcl! lac which has been 
excilcil hy friction at its U|>{M7 part ; n, u 
Imw plfttv n»Uug on the tthell luc, but aUo 
111 roumiiinicatioii nitli the ^rtiund. At o, a 
Btrt^aj; iiuluctitc; action is j»crocivcd, which is weaker ^i b^ 
weaker atill at c, and very thfliiig at rf; at c it inerea»es, and at 
f id nearly as strong as at h, whiUt at ff it agALu dccroaaos, 
from the effect of inerciwing dlntaurc. 

In cioiis«(|tienc6 of thcvkC indiictivo 
actions, electricity when at rest ia nlvny* 
dt«tribnted over the ^urfiuT <if n eliAi^rd 
object; nr»d thc^reforc, for thf- pi:r[Hi*e of 
roUcrting el**ctriHty. ft hnllon- *ihtll of 
ronduetin^ mutter i« k\\niv- jw L'fl'ertual aft 
a solid Tn£i88 of the sanie hixc. Many strik- 
ing experiment* may be (rivru in proof 
of this tmportuit bet. For instance, 
place B Rwtollic can, c (fig. 140, i)t 
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upon ft KmbJl imukting rtand, n ; commumcatc n «liArg« to a brut 
bftJ], iiUTuUtcd hy a Alcmirr gliuM mA, and iutnxltiiw the oturged 
bnll into lite intunor nf the can, olloiffuif; it to trtwh tlie Iwnowj 
vtthftnw tlie b»ll, il will be founil wHeo tested witb tte ehvtroaoopt 
to havr given up allitt cleetnctty. Touob the innido of tbecAn «ilha 
proiif pl4iitf (or mul] duk nf pnjier iiiHiitatod b^ a ntoiit tilumnit of 
■hcU Lf>c), and bold it ton-utls the cbarf^ diak of the clrctrovorpe 
(ft^. 131), tiD aettou vill be fiereeix^d : bring tbc proof pt&wv 
bowcvtr, into contact witb wiy part of the outer surfaCT: of tW 
meladlic can, and an abundant charge will be obtuoecL No cfavj^ 
rail lie v^Tu^taiucd tovanU the intenor» boeau^c there it no object 
within tovTordis n'hich indurtiou can tike phire ; hot the pobhtt- 
tton of th« air on the outfidc prodoccfl induction towards all sar*- 
roiuiding Dhj<<ct«,*^ But now, vrhtlst the cxtenor uttll remaoni 
charged, hold an nncxcitcd brass baUj nttadied to a mctalbc vire^ 
in tbo innde of Uic cup (fig. 140, a), witkotii, howeiOT, aUowi&K i 
to touch it ; if tlie inntlftt«^l paper diA, under these cinnimBtaiKn^ 
be mode to touch any pitrt of the iiui^le of tlie can, it will reaim 
a chai^: the particieK of the nir can, under these dicum^taiKci, 
bc^eomi' polnnzed, liceaiwe the biUKt hall is in a condition to 
oppositely chargni lo the can. If the can be positive, tlie 
becomes ocgativc, its iioaitive electricity p&88iiic<^lo the certh 
the wire 

A AiDiilar disturbance of cJeotric equilibrium will be famt 
whenever a cbargt-d body is brought near other nninaulated ooe«. 
If an excited gluu tube be bron^t towards the wall of the Toom, 
and juiit up{>oMle to tlic tube the wall be touched with the pmif* 
plauc, a tiuioll charge of rcsinoUB electricity will be camcd offt mi 
will bo perceptible by tlw cleclroecope- 

By iucrvasing the eurfAce of the ounductor whilflt the aaiooat 
of electricity eontinuca the eanie, It i^ obrious that the quaxHity 
upon eoch portion of exposed surface is diminished, and the inten' 
nttf of the tUarge ih naid to \w lewcncd. Thiia, if a mL-l*Uif hUicA, 
eoilcd up by ihe action of a <*pring, be attached to the rap of nn 
elrctro»cope, aad a aTnall charge ho given to it, a eormiD divorgcon 
of the leaves will 1>e prodiiocd ; on ancodiiiff the ribl>on, by nuaai 
of a ailk thiead attached to it for tlie purpose, the learc^i irill par- 
tially collapHr, because thi' same amount of induc^tion towards the 
ceiling and fioor of ihe n-Hnu i* now ditttributed orrr a Larger tur- 
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^ Indeed, a delicate elei'trometma&v 1>« eadowd in««helloreai»^ur' r,; 
nattor, wLlvU uuy be » Itiijlilr chu^co^f m u> vmlt apadu ui tU dircvu^M, 
■ad the el«ctroioKt«r will rmum vholly nntOceted. 
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fiwe ; but oa AHoirltijf tUe ttiiriiig to exert iu tlaaticity, and ooU ttp 
IJic ribbon, t)i« IcA^'Ci* will A^ma re-<ume tltoir orlgiual divergvnctt. 

In nil t^aftea of €lecti'i<? oii-iti?ineMl ibe cliar^ in diflbaed OT<>r tha 
nurBice of the cowluctor, but the form of that ftiir&ce mjUiniRlly 
iufliif-Dom tlu) ttvode t» which the dcctndtj is difitributi'il. If a 
dkuyed sphere be suapetideJ ici tlie ccDtre of a room, Uie aupcr. 
ficial dbtribuDon of the force will be luufonn on all partA of iu 
vuif&ce. Uut if tvo similiLr aod c^iiially excited fpben^a be >iia- 
pended ftide by Bidi% tliv electric accumulatiou irill be grcatOBt at 
those pointa of tbdr iwpcctivc «iirfiice« wliicb lie at tbc opposite 
Utavihies of a liiic puwug through the centre of each ; and in a 
Header the force U highest at the two eiids. 

Hm change in tlie distribution of electricity over the mirface, 
which dcpciid» upon the chan^'e of form, waji [Nin'fully inrc^tigBted 
bjr Coulomb. For this )>ur[)0^ he eiiiplovrtS bis torsion balancer 
alhowii at %. 134. Tlic carrier boll, a, of tlie iitiitniincnt waa 
brought into contact urith that |>oiut of the conductor which wa« 
to be (examined ; tho ball thus acipiirecl a char^ proi>ortioual to 
ftlie iutcii^ly of tho electricity at liiat spot, and the intensity vras 
mcoHarcd in the maimer already dcacnbcd (196), by the an^ar 
rcpulMou of the uLcdlc ; ditfcrcnt points of tbf^ conductor were 
thus a\&iniii€d in suceeenon, and t!iti intensity at each point was 
ootnpanxl with the othrra. 

I:i tills way it ww» foiuid that if two apheres of tincqual 
dianictvia wvrc uu-b ori^iEUilly electrified to the «ainc decree of 
intcii}iiLy (thut vk, if earb ^pW-xc were mj eltarged Utat the quantity 
of ckctnrity U|icbi a w^^uuc inch of tbc nurfacc of eneb wu exiictljr 
o<|ual, vrbcn the two were aeparatc) on brin^Dg the two into con- 
tact, the ^rvatevt acoumulation still occnrrcd at tbc extremities of 
a line /nuln^ tho octitren of ilio opKercp, Wt the aceumulatioti wo* 
^teatOT <iu thi> pmidl WIl than ou tho lar^ oiu^. TIlc cspcriineut 



may be oirrictl atiU furtliur; 
fbr if a AcriL'ti of apUerva 
|[radiiadly diminiabiiif^ in sise 
he employe), till at laat they 
rirtnally end iu a poiot, tlie 
accuiniiUtion at Ichjj^ be- 
ooiuea so ^reat th^t the point 
{a unable torotatn tticchargep 
and dispcmou vnaues. 

A moi^h iflea of thia 
effect may bo comxjyerf by 
fi£. i4i,tn«bidiA, a, and c 
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TQpreMni An^ iIull^pm1(l^-nt fiphcffcii iHmhiuhing in nit^, anil 
which in No. i an* Hiij^itfieuvl to be clKurf:!^! vrith i^lnru-idtr id 
rqtul itiUihitity, a* n-^pnsM-iiti'il tiy a iJiadvd U}'it of i^iiuJ thick' 
bCM nrouitd each, while No. 3 n>pre»ciiU Uie MiLRie tiirec balbtu 
coiitncu Tbe iiiteusilj of the cbai^e, a^i »how» hy die tines of 
duuLow, ia pro|K>rllonaU<ly niiicli ^n-alt^r nn Uu- Ktunlleat ball ilwi 
on the largciit. Pomta mu&t tberd'ore be carefully avoided in 1^ 
coiutractioa of apparatus for rotaiuin^ eleclrkntjr. For flimilar 
reaaona sharp or raugh edges arc ci^iially objectionable. 

(loi) EUctrifttl Mac/iinet, — In ordur to obtain Ur^ anpiilid* 
of electricity, tbc cicctiiiral machine is employed. Tiro priucipiJ 
forms of Uii4 iriMmuietU — vur,, the cyiiu^trr auil ihtplotc 1 
aru in gertcnd iij»e. 
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In the cytindrr 
(fig. 14s) a hollov cyliikto 
gjfiws <-'» i* m^mnt^ on a boci- 
EoiitU axidt tunijf^ by a vi&ch 
in tiro strctig woo<leii su|>{Kirt«. 
Ou one side is placed a katkfr 
cushion n, sUilfod with hur 
faccil with fiilk ; from ics 
pcre(if;c procccdB a ailk flaj>, 1, 
wiiicU reaches round Uic uppcv 
half of tbc cylinder, k i« a 
bniH conducu>r for coUcctiog 
electricity ftow the robber* 
TIm cujtbion in iitauUtcd b^ a strong ghu^* pillar, o. To collect the 
electricity frDia tbct gla46 a metallic ooiiHuctor, r, ia mounted od ib 
HkHnlating Ftein of ^'lo^, u ; tbia coiuluotor e«i the aide uax 
ghua i» fur>uiili(>d tvith a row of pointa, wliicb from tlic high di 
of inductiou prodtioed n|)Ou tbc^m act aft jiovcrfidly in rv^rcivii^ 
ni diH|a^^(il4: a char^^e^ ]{ef<>r<; ujdng tbe niorhine, a little of 
amalgaid of ainc and Liu (196) in Kprvad avfr the nui^ire of tluJ 
etiHliioii. Wbeu the wliole ik made proiarly diy and warm, ea 
tuniiu;: tlie liandle a brihk craekliu}; »uap|uii^ noiM- ia heard, vhHrt 
flaahea and apai'ka of tiro dart roiiud the eyllialer from the olyr tif 
tlie silk Dap, Sparks of two or three iiichea in Ico^h mi^ wv 
be drawn from the pr'vn^ c&tulHcior, f, if tbe hand be ap|itied to 
tlicruhWr wbt'Ji the cylinder la turned. In order to ohtain a ixki> 
liuootia aupi^y of ^parkv from the cooductor r, it ia, boirerer^ alacK 
hitely noceaaary to luaiutmn a o^tiductbg comniunicatioa IxtLwrra 
tbe rul>bi!r and tbe groiuid- If tbc prime oooductor be made w 
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commmiimte with the? )£n>uudw}iUe IherulilxTrtTontUtuea iiiaulutcti, 
oil wurkiti^ the iiiacliitii;!, sparka uiay he freely obtuiiicU trotn t\iQ 
rubber. Th« dcotridt)- from the eyliafUr a»wi conductor r, liowcvtr, 
b vitrcou», like that Ironi i^liua ^ncnJly, wlubt cliat from t]io 
niUwris rofliooati. If tliu rubber aud tho cotiductor, while both arc 
liMtilatcd, be oomiecced by a metallio wire, no sparks oad be ob- 
tained firom eithor, honrever v)f»orou»ilr the machiuc bo workoii, tho 
rennou* electrieity of tKe rubber being exaetly neiilrikttited by an 
cqtuti amount of vitreoiw electricity &ora the eyiinder imil eorichu^tor. 
TJi^ reit«>n why it beoomp* nef*r«iarv in wnrkiii^ tl*e nmrhinr effb<% 
tivcly, to connen either the rubber or the conductor p with the earth, 
is tbitn rendered obrioiiSr as othei^iHt* iiuliiction takoj^ phu^c bctvrecn 
the liberated resinous electricity on the nibbtT and tho poflitive 
electncity which aecumulute« on the prime cr)ncUietor, and thus 
prevents its &ec discluirge. No eoouer, however^ ift Uie ne^tive 
electricity in the rubber xuT>j>lie4 fmm the iiidinuted atorpA nf the 
flartJi iiith ui vquivalent amouitt of potiitive electricity, thmit^h 
A dmin siupcoded to it, or through Uie body, by phmitig the 
hand on the ndibt% 

tboti the accnmiilaied ^<*' <43- 

positive electricity on 
the conductor rin free 
to pOAs off in sjkarka 
to such ohjcetfl aa aro 
anfficicntly near. 

In the i'hU Ma- 

^J^*^ (^g< 143}> A flat 

phU« of gfaUH, a, is Hiib- 

stituteil tor the cylin* 

der c i& fig. 143. The 

ai&» of rotation psssea 

tluuugU tl»? ocotrc ot 

thb plate, and the 

rabbetb, » h, are jilaccd 

on eftch aide uf tho 

gU«s along a portion of ita circnmfcrenee. It ii not cfl*y in 

this form, boirerer, to insulate the nibbcro and to ohtnin nr^tivo 

olflctrici^ Be|iaratf)y, though it oappHi'Tf pn!iitiv<? ch^tricity in 

«bunclan>ce, t ia tJte |mnie conductor, inHuhtted by a glaiu atem. 

(30i) fCjcttnwm opemiion ^Irtdrtf^thn. — The principle iif indnc- 
tifwi alrrsidy e^pUunod hem^ on© which penodvA the whole pheno- 
mena of f4cetri<iCy, we proceed lo point out a few more example*. 
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Kvery cskf^ of ftttrActUm in pnyf^rd hy inductioii ; the op 
Kur&fjRM ()cconu? op^oititrly H<!r1nfi<sl hy p^lAr Action, af)«r nhic 
ftttmctmii cn»ucfi. The foUqwing elf^^it 
cipcrimeiit bj Sir W. Ilwhs &how» tiio 
Ktcp» of tW proocM ckftrljr : Attack to a 
circular (IJHk of gilt ctnl A.Sg. 144. aWt 
Ikree LifedieftHi diaiueter, ooa end of s tUp 
of Kold leaf, and )>y a mcl uf »bcU he 
faatcu the diak to a Liglil litrip of iroodj 
balanced at llie other auA by a migliL 
Suspend tliia frxly by a tljnead a* nr^re* 
sciitcd in %. 144; OD briiigiiig tiao<kr 
similarly insulated diArged gilt diJtk, ■, 
near a, tbc f^ld leaf upon a vtU dircrgc, 
aiid then attraction of the disk will ibQo«, 
ErCD tbc phcnomona of electrical repulsion may be traced 
indtictioiL. If a pair of »lipt of gilt paper be insulated and susp 
aide by ndc as in the cloetroscope, they will dircrge 
charged ; whilst m this cotuUhuti a proof piano iriU detect w 
dectrlcity on their inner vurfncx^ii, hut n)^unda&cc oa tlie ouIq 
ouet; iuductfon take» place towanb aurrcunditig objects, whiGli_ 
attract the leaves, and they leiMLrate ttom eacli oilier ; but ir u] 
coiuluetiug body En conimimi[:utiou tiith the earth be int 
betwoeu Uie two IcutTa, liHluetiuu lufw ivkt^ place fn>m tlic iao 
aiufaceof Uiu t^-uvt^n U>iim^ it, auul tlit^y itiatiuitlj' eolU|MD, Mi 
aoiuftiiig electric^ c:i fieri lueuts \ia.yc \men ooutrived upoii 
priucipler — H{^bt fi^^iires^ pluced ou a L-unduciiag burftKv under ^ 
dccirifled plate, arc uiade to dance by alternate attructioiu 
tvpulaiOTiB. If a number of stripe of paper bo aupported Ui 
oontre of a room, hy atCac-hing them to u viro vliiuh l» in 
Acxion with the eon<luotor of a powerful mi^liLne in actioci, 
triti rUe tip and diverge in all dircctiona, tonorda tlic eeiUng, 
valid, and the tJoor, uudrr the inflocnce of iiuluction ; if a eoiidu 
ing point or iurf!v>^ be btY>Tight ncAr tberu, they will all betid d« 
and converge towards it. 

(303) E/ficfrGphomf,^Thc elt^ctft^lwiruA of Volta is an 
pensiTo and portable kiiul of electrical macliiuc: it ourra 
activity to the operatton of inductiouj vrhidi indeed it 10 
coleidated to exemplify. TlkC in»tTumciit {R^. 145) cunsiataofi 
rcsinmift plate, B, twelve or fifUrcn inches in diamctcTp v^bich uuy 
be composed of ei|ual ])arts of idurll lac, ream, aivd Vmuce turpm* 
tine, melted toother aud catd into a circular cake of about 
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vf tiiiJbil Qf tLn-pUtc, I ; it is furtti^li^d wtth 
• vuovcnble oofer coDoioUng of & t«omewhtit 
Mnaltt^r cirtniW luctaUio pUiU% U, to wliich !.<« 
fttbuJicil an mnuiutiu^ luuidk. Thu n^uiuiLs cnkc 
lA ruhbcd witli wwio cuul dr^^ fur or flniitiel, 
And tliiui plucvd oil a» ittBultttiii;; vtutd ; on putting down tko 
inet»lUc oovcr hy itu iuifuJatuig liaudle, n «piu-k of rc«iiio(iK i?l«c- 
tncitj- in«f b« drawu &om it ; and on a^» riuting it« n ttpjirk tUdl 
briglit«r, of ritreou* elei^tncitj'. may be obtained. On r^luang 
the ccn«r another reunouti spark may lie dravo, and o» nutitng 
itt auolhfir litreoufl oae, and tkia may be repeutovl for ui iiulHihita 
ntiinber of times. 

'rite lUTtiou of the electrophorus may be Ifau* explained. Wtura 
the cake ia rubbed, it becomefi nt^atlrcly electrified on its upper 
surf&ro: ihc nnder siirfacc, which is lu commuDication with 
the earth tbroii(;h the linfoi], becomes, by iDduction, positive lo 
m aiiaiUr extent, the particles of tlkc cnkc being tluoim into ft poIat 
CondittoD ; the plate is then placed on a.n insulating support tf 
the mccallic cover be now brought do«n upon the iippcrr KitrTnoe 
of the cnkc, it only touebcj^ tbif revin u» a tvw points, ftrid from the 
infcri<ircoiiductin|r|kuiri-TuftherGftU)rec('iirvhut little diirct iicga- 
Xive clioi]^ fruDi Oil- t^uitm^t ; instead of lUiH, \}\e under Kurluee of 
the tiictal l>ecoiiies puaitive by induetion fiom the reaiu, vhiUt upon 
its Dp|ier flurfaet a eonre3]ioudiiig aiuount of ne^tirc eiectricity is 
aet Eree; thi» escapes in the form of a spark, if a candnctor be 
picacuted. On now raising tlic oover, the positive electricity, which 
1icR)re va«attract4^ to the lower surTncc and held there by itidnc-l;oii, 
isiiieiciOBS, and it isnrady to c->cnpc a#a f-park irhcii a conductor is 
]iTC«Ciitcd neu- cuougti to it. As Uie n^siii has lont none of iia 
dtargt^ the pn)ccs» may be rrjx-uU-d fur au indefinite uumlHT of 
timei. Cart- tuiist, boncviTr be mkcn not u> niaki; a conducLu^g 
cuuimmucation betnani the eovtr and Hm infmor aieiallic plate 
nrliilc tile fonntr 19 n:«itii>g 011 thr rcBiu, 
Otlu-^nrim: thr wloli eborgr ^UlpUM^ufTui the 
apark, as in diM:laupng the Lc/<lcu jar (20j), 

{204) Sfrrati 0/ IniiturtitM, - — A ro- 
markablc! peculiarity in electrical induction 
haa yut to be uotiecd. AVhen a eharg«<l 
aphenT, a, \m vuajx^nded exactly in the centre 
of a hultovr affUerieid cavity, a, fig. J46, 
liiductiou diminulKS iu e\^ry direction as 
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the sqimrc of tlm HUtnne^r; hut it- iK quite. othcrviM^ it tli(» 
cKarg4>d l^nll hr* »iift|irti(1rd withiu xho. hiMavr hphmv in Mty 
other poRitkm. Tf ve. {\yiu\mna ruitiant tit^t wtib inducts) dfc> 
trusty it vill be fouiicl UiaC ilie A|>pn>acJi nf a i^old bodx. ij 
tovinli A Hourrc? of radmnt beat <loes not ttlf«rt tlic nutiatioD 
to tlic itljjiy-U jtrouiidf crxccplinf in tlie atnc of llioec* which tre 
imtcethfttdj HhtUerec) b; ita bhadon, Aa at b, fin;. [46 : iiot m, hov- 
ercr, if ire hvinsi an uninfiiilatcd oonductor towards a liofly cbunnx] 
with electricity. The fewer lire the iiitcrveuin); furticltfi of the 
dielectric? air to be polariz^vl, the li^licr does tlw |»larily fibt in 
each pLrtidc, atid the moio completely is the induction caltcd off 
from luorc difitant ohjtrct^; ron«C(|iiciit1y the fnifLlh-r the difcimice 
betvceu the ehargt'tl and tbv diMurbing 1»Kty, the more oompteto 
is the diversion, Tlic polarity of tlu- i[it€rpu»«d air mny at iwt 
rise so liif^h thht it cao stifttaui tlK^ t^'jiition no longcrr And a sptrk 
pRssea between the two Kurfae^*, The )ioitick« of tlio didecthe 
nrc in a forc^ed condition, and, like the cotU nf a s^ing, tcDd to 
retiiru to tJirir normal «tatc. 

Tim important (net nuty be 
iUuMrated in the folluwittg ynj. 
Let A, fig. 147, repreaeut bji In- 
fiulatcd eirctdar conducting pliu, 
ei>uiE('Ct»l with au eltsctrveeope 
(jive lu tlie plate a a mnall |iua- 
tive cbarf^ tiLifllcurut Ui cauM 
ditc^uoe of the Imvcn uf tin 
cicctroBCope ^ then c-avac a aetcttd 
oonductinji; plate, n, which i« v^ 
hiMtilatcd, to Approach the pUto a* The loAvce ot' the clectr 
will <^mduEdly collapse, Wt will open out i^ain, when d is withdr 
In this experiment a portion of th^ poa^itive electricity of plate n, 
«4)iuvaient in quantity to that of the chnrgrd bmSy a, pAsnc^t off Co 
the earth. Owing to thift Ifticml netttiti, if the plate n bo rotamcd , 
very nesr to a, the pUt** a mny reecKr a rrmMdri^hlr amoiuii dH 
charge, by repeated ftpplie-ationn of a lifwly feebly rhar^ed, proridt^^ 
that isuch Ujdy i« fn'>ihly clmrged Ix'twuni iraeh contact with a : hy 
thene rri)clition» ^mai\ (|unntitie5* of ch^lneily may be accumtdautL 
itid mitServd evident by itucldudy nithdruning; the ntunatUat^ 
plate II ; Hit. leavcA of the electroscope diverjie, hocAnw I17 
%it1idru«al the whole imluclion i» directeil to f^urrtnindmf: ol^i 
instead of bein^ concentraied xi]xti\ s. \u appantxti^ of ibi« ki 
has been called a a/ndemer, from its power of collecting 
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rcTulering vifliblGt liy rc|imtcfll contacts, qtianiiticfl of electricity 
too minute lo l>e oih<Tni«» pcnx-ptibk. 

(205) TAe Ijrtfttcu Mr, — By Kulj^litutint; a solid dielcrtrk', 
audi an |;lu.eB, Tor tliu «h(t:t of uir '>ct^iix-ii tbc places a and n 
in the pn>?edii4f u:tpcriiiiciit, & iiiuoh hi|^hrr dr^nl^ of iiuLudioii 
mar bv ut>bui)r<], diuoe llwt fixol |io»)tiau of the [Aniclm 
of the i^luas iinfvcutB tlitrm from moving off when higbly diargcd, 
1a f&pct, ft plate of gloHs Ikctwcrn two metallic surfitn^ comtitutr-^ 
ML ftppamtus for Btoriii|- up uUvlrioitjrt untl is, in it* Rimplett 
fi>rei, tho ixuimrUiitt iustrumeut cdebmttd 
from the f^laco of it» ditfcorory aa the Le^dan 
jar. Plicepdng a« a natter of convenience 
it c1oc« not «igfiify whethor the gjaaa be flat 
or mrvrri, only it is found more advantjigeoua 
lo n>r jam im^rJid of tiat platea. The ontinary 
fonn of Ixydcn jar is ivprr^eoted at o, fi^. \^. 
It coiiM«t« of m thill °:lfk«ft bottle, uith a vide 
neck. A coktiuj!; of tinfoil \% pikstod upon 
botli the iuteniAl surface, 1, and the outer i^urfeicc, 
o, to nilhin tlirec or four lucliu* of the neck. 
The ui)|>Gr portion of t}ie tfliuw in h^ft free from 
coDduetiiii* luntter in order to prej^erte tlic 
iitfulatioQ of t)ie two coatinj^K A wire^ Riir- 
moimted by ft hra;ia knob, aud supported by a 
sniOGth plug of drj wood, eenes to convey the 
charge to thi* inner eoatin^, vith which it ifi 
hi cotitAct. Such a jar Mil) receive md su&tain 
A eharge of much hit^hcr intrn&ity than a simple- conducting surfaec 
of tinfoil of the «unc extent. 

A Himptc expurimint ttiil siilTtcc to sheir the corrcctnen of tliia 
statement- A aingic turn of the inaohinc wilt l>e ^ulTicient to cau«e 
a atnw, Ki Hg. 14A, iiiksiK'ii<le<l fii>tn the <nitre of the ^[r^duate^l 
arc, and attached to the primes coiulunorof the machiiip, r, to a^ume 
ita titmoBt angular repulttion; but if the knob of a Leydeu jar 1»e 
held lo the irouduelor, il will lake t^i;;ht or ten liim» of the maclune 
to produce the baiiic amount of icpul^iou; bright bpaik« will |>3i59 
in npid BueccHbiou butwcen the knob and die eonductoi-r and on 
ccnncettng tlic two coatiij;^^ of the jar by the diiwhar^ng rod, D 
(which tA mcrel;^ a jointetl in ire tcLTaiuattog id bm«« balU, am) which 
&r mikxj \% LD^ulatcd on a glaM handle}, ^^^ cqialilrrium iji rc«torrd 
enddrnly and compk^telv ^\\\\ n lou<1 Minp and a hriUinnt 9.pArk. 
If tlio di«chargo were aUovcd to take place through tbc armv, ur 
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any p>rt of the body, & ead^cn painful saiaation, termed the 
thrtt-ic A^ock, v-uu](] }>c cxpcnttM:ed. The pawcr of the Lordt-n 
Jar m»y be tiicrc4i«cxl b^ Uicrcaimig its fiu« ; atid wbcii it vrnuld be 
inoouvenient to u>e jan of lai^ «Ue, a Buuilar mcrG«80 tu f>ov<v 
nmy be obtaine^l hy plftcirij; a Dumber of vntiill jars lidc by nde 
itpon ft «h<x<t of tinfoil, or other conductor, wtxich coniicotn together 
«ll their outer contiiigs, vrbilut by moan* of wire* bH their ianm 
matingit ttrt* tatn'\\nr\y iHmutt'U'^ witli rarti nthrr. Such kn nr- 
rangcnvent of ju> i)> rnlk^l nn ctrr.tricfd bftUrry, and i« sliown nt 
%* 1 j9* p. 50a. If the jar* be of Quiform tbic-JcticMt, the iiovcr 
of ilic bftttcrj" win Ije in proixirtuin to Uiu eitt'Ut of ihp coaled 
»urfiioe, Init tht* iviteiiuty of tlic c^har^ vrill 1>c inversely w tlic 
iLickneM of the kI&a». 

Tlmt the oJiart;e of the Lcjden jar remilto Erom &n ftctiou of 
4K)uti^>HionH |iarlicW, polarizaiiou takinfi; place acrom the dickdne;^ 
may be ahovu by takiiif^ tlirre or four laminie of t^laas, and ]il 
them one &bo\'e another between two metal plates^ thus foi 
them into one compound platc^ and ihen ehargin^ the vrhuib? 
Each plate becotnea ohurp^Hl separately, and thua cadi one tidi 
it* inituetivc effect U\ tlu^ whole. 

An mif^ht Ih- iintici|)ittiil from i\m eapctimeiit, it u found that 
the cliar^ of tlie jar does not reside in tjie coatings, which mcnlf 
act aa di^chai^ni. 

Tlie following experiments will duddalt 
the action of the Leyden jar when in the [to> 
ceaa of receiving a chof^. Let a jar. a, fip. 
149, be placed upon an inEulating stand, ui 
let ita knob be brought near to the prinic 
Djuduelor, F, of anelectrical tnachinc tu aetioa; 
under tlbcw circumatancr^ it will be found to 
receive little or no charge. Now pbce 
uikinMilatcd conductor, c,nrar ita outer 1 
Kjuirkn will pa^ fiuin v to th( knob of the ja 
A ; and ibr every ^lark that paason to the haob 
of the jav, a a|Mirk will paaa from the outa 
eoatbtg to the uiiiiiKoUted conductor c. If 
tlio jar he reeeiviiif; poaitive electricity ^m the nuehine 
apca ita interior, it will )>e found that an equal quaatitj 
of poeiitive eleetrieity in diiieyigftged from the iriiterior. A Mmad 
aniuBtdated Jar may be placed ao as to receive npou ita knr^b ibc 
Fparks from the exterior of (he first, it will thus be<K>me eUar^ 
to an extent ejual to the charge of the first jar. Again, if tlnee 
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liMuktpd ^r» be pbo«1 as m ^g. 150, vhere p indtcntM tlir primo 

Fio. 150. 

coDdudor, yshiUi llic ctMilitig of ttic la^^t jar w bronght near to a 
wire^ N, protX'wliiiff fron) the inniilEittHl rubbiT of ihc niaclniic, 
(or Cflcli «park that pHs^fW from the o3ndl»ctor, p, a sdmilar 
ftpnrk will V- neeii U> |>a"ft biHwcci c«ch of llit* jnr^, and 
bctwwn the la^t jar niid ilie wire, >\ In thi^ way crach jar 
will liccoiiiG eiLttally anil powcrrully rharj^l, Altltoiigh botli tlie 
lcbiiL« and the jars arc CM>mplctely iii»(ulnte<^l. ]*Voiii thi'iM; ci< 
rimetita it ia plain that ajar wbca charged contairts no more of 
either electricity thaa it does in its neutral couditiou^ but the dis- 
tribution of the two lopces is (liffir* 
not. ThJa Etatcmeiit may be jUuh* 
trat«d by tbe dia^pmn tig. i^k Let 
No. I K'prcMDt n Jtcclion of tlic jnr 
withitnpJirtklrviutbcueutRO jtaie; 
let NcK 2 be tlie ^ame jar vrlieii a 
datgo of |>OHitivc electricity liaa 
b«eu tUrown ujioii oue of ita aur- 
&Cis I, vrliilat the uiIm-t surface v 
ia uniuBuUted ^ the lwt> cU'Ctriciliea 
ar« rerprCBtutcd ba Ixriu^ fti^cuuiuUtird 
on opi>OBiut aidoi of cocb particle^ the wliitc half iiuUcatitig the 
positive electricity, tbc Mack hdf tho ur^tivc. IMnm-ntion of 
e^cli iMTticlo of the dictocUic gliww intd^rcrtiin^ Ix^twcx'ii the two 
ooatiuf^s is prodiiceil, iumI a quantity of p^wtivc elertrit-ity !■ thcrr- 
lore dt»oti£:agpd from ihe aceonH mirfnce, which \% pxactly r#jHi! 
to that rlistrihutod liy the eoatukg npnn the lir^t; litit imlcn an 
Gx-sipi' be nlf<irilc<l for thU i^cy^kd of [XKJtive dnetricity fn>m tlin 
neeotid mtrfiuv, nn rhar^r* i< n^^rivefl hy t)ir- jar, for |iobinicati<Hi 
boDtMne« imiMvuihlr, and nn uppr<<cuililit amomit of electricity can 
enter the jar &x>id tbe machine. 

It thu» appears that the charpujf of ajar irjth electricity is 
I tolally (liitcrc&t frou the ojicnUion of tUlir;^ a IxitLle vith a l^tiid ; 
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die electricity Is distributed not in the carity of the bottle, hut in 
the substanrc of the gtau itself Indeed it has becD ftlrcsfly ^tiUul 
that a flat i^latc vill answer cqiiall)^ ireil with the jftr, but ibc jar, 
from its form, is for the ftri^e of cxiiiTcnienoc profenvK]. In the ra- 
perimcnt with the three insulated j&ni,ftne:(plaiuitionf;iini!Ar to the 
fbrc^oiiig muy be t^vini, A quantity of povitivo I'lrctndly (lamei 
from the coitductor of the iDtchinc to the tuner smAec of ihc 
fii^t jar. A cGrrtvpotuling quantity of tlie Kame kind of eleetridty 
Mmultan«ou«ly |iaM«i<9( off from the op^KMite cootii^ into the ont 
jar, uhieii in itH turn he<<ome« similarly poliriwd; and «o on in 
auc(N^aKi<>n, untile from the last jar, a quantity of positive dectndiy 
paweft to the rubber, e^actlj auE^eieM to neutmliie the ue^tire eke- 
tridty liberated by tfie niachineT which ib Dcceasarilyequiralenl to 
Ibc |>ositivo electricity accuimilaled on ihc iuicmal stirface of the 
fin*l jar» It ifi not necct®ary that the iast jar l>c comicctc<l with Uie 
niblicr dtroctly, the ^ame object will be uttaiued by allcniu^ tlic 
diecUargc to take place into the earth. ^Vlthough tt U t»nal ta the 
elioi^gutg of a jar to connect the intenial coatiniE witli tlie prinit 
eondiictor, yet the jt;r may by chntgcnl equally well il its* Inmlalvd 
tJ-iernai euating he connected with the ooucluctor whilst the iDno 
coaling iv mmlc to cumnuiiiicate with the eauth; ui tliia CMC^ 
huvcvc-r, thi; chiirge un the outer Hurfnou la puvitive, whiht tlic 
iiiner sui'fftct! bcccmit-A n<-gBLii'c. 

£ach jar, It in »ccn, thiin rcccircv a char^, thoiigli only mur 
han been placed in connexion nith th<r ma^^lunc^ the Mipnila 
elootrirtty upon tltc outer oiatin^ of the Bnt having chArgcd 
«econd, uid bo oa. If the iitHulatioDA he gvod, and the gk^ ' 
ihe jars thin, the hiHt jar mill bo eliatp^l with very ntmtij the 
Kone iuteDBity &tt tht* firnt- 

Un^cn all the jant have hvmi thus ohar(!;ed, all will he m 
tnnroiLMly dii4cliarged if the inti^r ooaling of th*? fi»t jar he 
nrcted with th^^ outer coaling' of the Wt ; hut although tm ; 
amount of eloetrieitypawes between the tvoextrpine jara ihani 
hanr (yaj»«ed hctwccEi the inner and outer eoaiinj; of a aiuf»te « 
M. Dove hu pointdl out the rcoarluible fact that the d]»t 
thixinirh which the spark passca ia very much greater, and 
etjtuU (*h:ir^frw it is found to inercaFc as the square of the numU 
of jars thus^bscharj^cd: if n spark of one inch in length bcoljtuiDC 
with one jar, with two jare the »park would be ibnr iuchc*, vith 
three, nine inche*, with four, mtecn iucheSf and ho on. In pmc- 
tjce the distance is «omethiiig Ium, &#, owing to imiierfcct iuiuk- 
lioB and to the rcM^tance of tlie g\tvn to reeeirc a dia^j trxli 
viicccciling jar receives a somewhat weaker cliorge thou the i 
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vhidk preciedra it. Sup])o«iu}^ theae viewn to he correct, tli« cK&i^ 
of a Leydon Jar ahoulct bt- entirely m<U'|*Pinl<iit of ita coating, 
vihicti ftlinoid aL*t mrrrly an coudiiftoTs lu fnvitur tho diKtrihutioa 
aad escape of ihc eloctricity. ThU view i» pomplf-tely nnnfirmod 
by cnpenment. If a jar ha filtwi with mnvfTiiMtT <?f>ntiTi^, n»d 
then cbargcd, each of the ooatiiiga mny Ik^ ivionvi*d ; tlitr ctvntin^ 
may be bandied tdlcr such removal ; tlie jar miv liu^ \w rt^lnci^ 
in thoitt, fiiid it will give a powerful apvk wlteii dtitelinr^ in the 
luuol raatnurr. 

(ao6) Mf^ureff t^ ElectricUtj. — It ia upon tlie principles just 
eipluncd tbat Sir W. Souw Harriet IkOA coofitructed his Unitjur, &>t 
aeavunug out ilcfmiLi^ qiimuiiivA of 
electndty. The uuit jar ih a minia- 
ture I^ydeu Jar mounter) nti a 

_ al euder iuralaiin^ rod of ^las^. 

^Httttcbpd totboouUidood'thojai' ma 
^Rrc tefTnmatiu^ in a ball, o, fig. 151, 
|Arallcl to the iiBUnI wire and ball 
which paAscatothc inicnor; on the 
wirr euniifx'icd with thv in«idc, is n 
third eliding bnll,A,trhii-h can at plea- 
Piirvbt: brought to ail/ rnjiiircd dis- 
tance from th<; boll, a, nliieli is coti- 
nevtod wici) the uutstitW : vhiUt the 
tiuil jar » bucxuiiing chai^til from tlio 
niachiiir (wy that itAouti;r auriaix ut 
ruulcfml punitive, &» n::pr<-iKMitc<l in 

the fi;ciirc), an equal iiuuntitynfjiositire ^de^tricitj'itf panBiugolTlTOiii 
the mtcrior iJoti^ tlut vrin-, f<% attupcbud to the in»ide of cbe jar, o^ 
which id tolw lutidni with udt-^uxitc (iniintiiy ; as Mxm aa the cdiM|;« 
in the uuit nwueiire riaetf iiiifBrieiitlyIi!F*]L,it dlftobarfroa itiielf between 
the !^)UFtted balU, a h, without alfcctiiig the charge in the jar, B. 
A ««<eoiid oliar^-e is now giveo Co tbo uTiit jar, which diAobArgss 
tt»e1f when il rwes to the ftanip amonnt na hf^orr* : dnring oau-h 
mieiee&sive charge of thrr unit jnr» a rorrr^piinding <jnantity of poiitiro 
eleetneity pimseH from its WLtcrior into a, wj that by rotinting the 
number of sparks that pa» between a and 6^ tin* iiumlH-r of equal 
quantiticB or arbitmry unit* wliidi havt- hoen ^iven to the jar, a, ia 
ucrrtaiued. Supposing the ailjuttliuvnt of ihe halltt, a aud A, to 
remain tbc same, tJic jar a may l>e made to rfn^cive, for any uumber 
of tiiDcs aocccssively, iH|uid aiuoutiCa of elet'trical cluirt-c, by causing 
im equal number of di:u.*kar|:caof tlic unit jar to take place iu cadi 
CB«e. 
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Otlicr tncAiiA Ua^re boen propoawi for cnaanng nn wjual •cm* 
muUtiofli of clectricitjr in a jftr. l^n^s ducharyiitff rtrrfromttcr in 
the camplpst of the«T. On« form of the apftt' 
Fio, iS.t mttift tg »Ho«rn m (^g- ^S3' '^ |irinctple of 

nrtinu will Yw At fmc* Hjijietrmt. L is liVH 
onliiiAr;^ lipyi^rn jttr, in thi^ ball, a, of vluc^^ 
A holi^ IK dnllcil to ren<3ve iiic hraim pta of 
tbe clcrtitmietcr; % l>ciu u^w^ arni» &. cornet 
upon tt« lower cxtremJly a bnwa sockrt, c, 
throuidi wliich liidtA an inaulated rod caiT]ruig 
a brsM knob on eiibt'r extremitT ; one of tliMe 
b&lla,/ can be plnccHl at any rc«)mred dbttm i 
£h>m the knob of tli« Lerdeu jar. A dudin 
or wire, u\ effects a conuauiiication 1>etweni , 
the sliding rod aud tlie outside of tlw jar- If 
tHc interval, a / be moiiitaini^ uniform, the jax will always rci|tttre 
the same aiaount of charge befotr the dischoi^gc tak«« jtlaoe be- 
tween these two ImIU, a and/ Thf^ quantily of electricity intlw 
ehai^ U pro|K>rtionpd to the distance between the halU : with aa 
interval of half im iiieb the force wou1<t be donblo that reqiartd 
when the diitanrc ^raj* only n ^jnurter of an ineh- , 

The force of attracUon betvrt^.n two charged aurfoeea has liteitfl 
nteasorcd by an ingenioii» modifieation of tlie [wromon IjolaoceH 
devjwd by Sir W, Harri*. A light di*k tif gilt wood is siibiutuinl, 
a> nhown in flg, 1^4, for one of the paua of the holanee ; ■ beocKJi 




it \a a ftecond nimilnr insn1nt(d di:^k : the siUEpciK^ed disk and ibe 
balance bcarn, thronuh iv< itnpi>ort, are miini^eled with tbe i-ttnvr 
of a Leydcn jar; the lower iiisulatal di^k willj tbe intmor ll 
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the jar. By oUarfooi^ th«^ Leyden }^ with defiitite quantities of 
olfictricity by meaiui of iIm^ tiuit jiir, tlit* Uvrs wlu<<li n-tfula1« tlie 
aitnctive force wi^re expo nnieit tally tli^termhkefl- On*" or two of 
the more important reAulu tony he Hfiven an ait illu8tntion of the 
modr- of i^TOceeding. 

If a Leyden jar cliaTged with & certain f)tiaatity of elw- 
trict^ produce betw(^en the disks an attractive force sufficimt to 
niis« 4 ^mins. U mil when charged with double Iboquanlity raise 
four times the amount, or i6 gnuna ; with three times the quan- 
tity it will rose nine times the amomit, or ^6 graiDs ; cotisoqueotly, 
if tlie i*xtCQt of char^^'d surfn4?c eoiituuie coiLstant, Hie attmctioa 
increaiiM as the iM]uiirc of the qnunEit}', 

"When tvo ecjuai and nmilar jnni are J3^%\ instead of one jar, 
and the aatne qujiiitity, «iy ttti niiifc*, in ciiwtributcd over their, the 
attraetire fon<e Hill l)e diininixhed to |, uiid with thn^e jarv to } of 
what it va» wlieii a ainglr jar wim employed. Thus a quantity 
vluch ou one jar would rai&o i*l jcr^an, writild^ if diffused aver two 
similar jars, raise oiUy 4} grains; and if ctitTuaed over three, it 
vould raiK: only 2 ^raitiL li\ therefore, the quantity remain con- 
ata&t, the attractive force 10 invcrecly as the squarca of the chai^ged 
aurtices of tbc jars. 

(207) Spee^ Induction. — It has hcen shonm that the indue- 
tioii betirccn two con<hicring platc«, one of which is insulated 
while- \\\v. otluT ocimmimicates uith the cnrth, i» Ciwllitatcd hy 
diitijtiixhiik)^ tbc lliickncKSof the dirluetrie v^hich 3W|)ttmte« them, 
and that the inflated phitc U caiiblcd to rtvcivc a hi§;tier amount 
of chof^c by rrdiicing the uumlier of piirliehia* of the <lidcctric 
which unde^ip) polorimtioD. It in evident irom thin eireiimeilanoo 
that the polarisation ]« aCtirntlc-d with a cortaia amount of reaiot* 
aoee, Kiuriuhiy dUeoverod that thin rtssjiitaiice varioH iu auouixt 
With the mati^riul of tho diclkMrtnc i-aiployedi tsome aubtttaiioea 
beoominf? polanieod moru readily than oth(>ntv The relative facility 
of induction tltnxi^b the difTi^n-ut bodief4 as oompared trith a com- 
mon Manclard cumttitutea their itfjecijic ip/furthv ea^^atit^. A 
plate of aliell hie^ for eiun]}de, an itich in thiokncsa^ allows indue-, 
tion to take plaeeaennait twice a^ readily aft does an r^iuftt Ihick- 
nc» of atmoftpberie air, and sulphur with a fkeiUty equal to that 
of shell lae. 

The fullowiiig table represents, aocordiug to Sir W. Horrta 
{PhiL Trmis. 1842, 170), the specific inductive i>owtT of ii-arioua 
boctiea* 
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Air TOO 

W^f^m 1*77 

riirh rSo 

HotVwux ''*w 

Glaw TQO 

Sulphur J'93 

SheU lac i'95 
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The fiindamcnlal fuel may be shown 
by the followitiir Miuiplc exiN.-n(»nji 
(fig. 155). Aboitt 1} )ii«^h above the 
(-ap of ft gold l<taf el»ctrosn>|c siupend 
an iufuUted lUak of metaJ, and com- 
niuuJr&te a small charge to the bo^^fl 
luted di»k ; the gold teavcs iminedHUtl|^| 
di^^rge l>y inductii>n- Butwi-tti ihr^ 
disk and ihc cicctixwropc Biibsuiiuie 
for the dtolcctric air, it boil^ ibr Hiiccifio 
induction cf ubidi w j^iv^ivr tlian tbit 
of nir, nacli, fur ciauijilc, as h 
|iUtc of AiM lac, % nn inch iu thick* 
ncUf and monnted on on iiisulatia^ 
bnndJc; the Icevcs «ill Imnivdiaidf^M 
diverge more widely^ l)ccau»c indactiou towiuxU tho tnntnuawt^P 
tilu* pWv mart* fnrcly; on rcmoviiig llto sht'U Uc tin* ]«iav« of^ 
the d<M!troBc*"|K? rctuni to their original div<"rK<rn<w. Tlie effect a 
precbiely similar to tbat winch would be |>rixluced by bripgtn; the 
chared plate nearer t^> the oloctroacope in air. SiniAlar phcnrK 
meiiB occur if a iniuui of aiilphur or ronm l>e snbstititu^t fi.Tr tlic 
Bhdl iai>< 

In good f?on[1iK*tor» no stwh ptdarixation can be rrA«J, and la 
iiQperlcct ootiductont, Kuch ba ^)ermaceti, the icsulia bccoi 
du&tJDcr, 

Wilb gaseous bodies no diffcrmcc 10 spt*cific inrliictiTe 
i* found to exist l it is remarkable tktt the dieuiical 
of the gas has no influence ; nil ^:tis&i baviTi^ the aame iuductit'e 
capocit>' as (WDimaQ air. Xo TariAii<m in temperfi1urx\ in demityi 
in dryuOA, or tu mmsturc, proiiucoft any cbaofp in ih'w rni 
The apiiamtiu^ with which Pr. rartday invcati^tcd tbc»c c^ 
phenoroena wft« n Vm\ of Leyileii j^hinl [fi^. '5^)i consisdn^oT 
two coiicentrio metallic nphcrca, a a, insulalcd from e»ch other i/f 
a stem of «hell lac, a. Any dielectric coidd in Buccpssion be 
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ject of cxpcrimc^nt trnrc «ili<l, liquid, or am* 
fbnn, VI 1)j ro>Lni?cting it ^itii th<^ nir-jkiimp 
by mrauiA of itic* Atnp-f^i»<k ft. it i*mil(l W ex- 
hauHtf^rl, nntl tlir intc-rvfU filUn) with nnj 
gawouft nuNliiim nilh tlur wunc? fnrilit}- m 
with a liquid (PAJI. Tram. i8;$8, p. 9). Two 
of these jara havinfc ^n preiMire-tU a cliar^ 
VBS ^nm to one of them, after it had beeii 
filled irith die bocly tlie indnctive c&i>anity 
of which *raa to be (ictcmiincd, and the 
charge was tlicn divided with the seciiud 
Himilar apparuttiSj in which tlic iniCTTal be- 
tween thr fphcTCfl wna oulr tt]lD<I with air. 
The iut«*ii«itjr of tliv charge in c&ch ctim? waa 
inraHttrcd hy means of a cnrriiT ball anil 
Cotilomb'tt eU-ctroint'tcr. 

(308) t'tfrnuj MtxirM of Dinchatgt. — Wc 
pass on now to eoiit<iiler tlie diflt:rfiit mixles 
in vhich the ciecthc equibbrinni ih rcHtored after it hiu been dis- 
turtcd; tills restoration may l>e effiNMed in one of tJin» ways, for 
tlic cxdtcd body mny he diAclKirged either bj amduciion^ hj dU' 
npdo^ or by cowe^Shn. 

(209) QmdnciiGH. — WTicn a eliargcd Lcyden jar ia diacliarpcxl 
in the usnal way tbrou^h a dischar^ii^ rod, ihe electricrity piuKcs 
qntptly Lliroii»h the nirc of the diitcliar;;cr by coudLictioii, but 
Cmi^cTM:* the iiitci-pcMcd air by diTirtiptiou, in Uic forni of a a^p^rk 
attcndc«l with uolbc. 

All bcKlicfi, shell lae and glass not nccpt^, pomcm a cerUin 
amount of oondnctiikg power, ivhich girc^ rise u> the phcnomciiou 
Icnnod tlic rrxhi^ai charge of ft jnr, or iMatcry. If a jar be char^i-d 
«trorigty, and allowed toromain undiKturhod for nfow minut^-**, mid 
tl)Ou \te dwirhnrged, a ulight appnrcnt renewal <>f the ohari^i^ vUl Xak^ 
place, and a ftccond vimnllrr npar^ may he obtained from it, Ttiia 
Fanulay mimderK to !«? due tn thr |K»n*-trati<in bv (Nmclurrtion of a 
j)Ort»on of thi^ clmr^ inio tho Huluiltuirt^ of the diolw^rie. Enirb 
fiurhce f/ thn ^lam aoqiiir(*9t n wi^ eharfpe, one of jiOHitiviy, the 
ether of lu^tive elwHrii'ity ; i>tit h,h soon nn the confrtraining 
power which eawked thiii |>e»etrAtion of thfr cdeetricity is rcmored, 
it retunu lowarda the nearest surface and produocft the slight 
rPcliaip^, or reAtdtial cborgxr. 

Aa no bodies arc perfect insul&toffl^ so none arc perfect 
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ocmdnctore, for emu th« mctalft ofkr a certain mcftMirablc 

exi>critiicnt trill »erve to illiutrate tliis i>oiiiL Chfti^ a iMige 
Leydftn j»r (% 157), and ftfranffe & metallic irirc. *. 5^ <* 'CO 
feet m length, fto iw to iirt ihf part of a dischaigcr, aa reprc- 
«fttcd ill fig. 15;. nt tlwj *aiu€ lim« open a shcrt jwtli for tie 

di-iclia^e to the outer coaling, 
by tirin^iiiC tlic balli c aud b 
« itUin a tbort distance of each 
otiicr. Vtider this an«nge- 
ment, a portion of tbc elec- 
tricity takes thf^ ahortcr ctmrtc 
from a to it, and ovcrcomei the 
lugli rcttntauce of the stnitniD 
of air interposed hi-twccn the balLij oviug to the rcsbitaiice 
cxpericncH'd by Ur- (h>ioliargc to it» pM9iage along the tontiuooi 
coiidnctmg irire, w, 

ThiJt rvMi!4taiice, even in good candiictorA, oft«n occntioii* Uie 
iipark to pa.Ha hctuiHru luo coi&tljruoua coiidiictor^r ami prodiicca vhat 
liiift iH^cn calted Ute //i/f/tf/ jrj>arJt, wliich can be duriti^I, even if 
tlie coiiductora 6ulMaiueiitly unite below, llm«, iu fig- 1 j^> kk 

Ihc uiouicut a 
F». t;t8. i»|iark panes 

frafB r to tha 
UiU d, a nU- 
Diitc »p(U-k vnU 
be eecu to |iaM 
botirc«o tba 
«rire and th« 
loop 6, if tiity 
be ■u0lctctid)r near each othi^, ThU lateral »park may acqniM 
ftufBHeikt power to ignite giinpoudcr or other coniliiiflUMB 
matfor. In fact, momciit«n' iia i% the danition uf the diw^harge^ 
indnction lak^a plaice tovanU nil Murroundiiig nbj^ts whiUt de^ 
tricity n in motion* aa wi^ll tisi wl]<*n it i» at reM. 

If in a darkened room a thin tnAtuUtiHl mt& be m^Ae to tvr- 
minntc at each extremity in a im^tallic boll^ and oq one liall larfto 
sparks be thrown, trhil^t from the otlicr ball the sparks are oUoved ^ 
to pan off to some ooutit^ious conductor, tie air will l>e aMOi to ■ 
b(>come feebly luminous from induction alouK the whole ooune of " 
tlie wire- 

(209 iis) Devtiopmenl of tfraL — TTic pa«ft^ of electricity 
tfarOBgh coiiductora i« attended with evolution of beot^ tlto ajnoaiit 
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of «r]iicli i« invwrmlf A» the oonduoting poner. $ir W. Uiirria^ bj 
DMamt of nn nir tbonnomrtcr vrith % Iat^ bulb, v^crasa wbwli verc 
{MUMcd in N»ccc«9iion ttirea of (H^iial Iciigrh Ar»H tlki<<kneM, found tbal 
wJm^ti cvfujtl cjiiAntitioA of elrJrtricity vt^n d!m*hargccl tliroiigli 
thaie wirf«, thft hratingrAVctji were m frtUf>w* (PA*/- TVawt. 1817, 

The melnU vrhicli MtArid limt on Uie list mrc tbe bfMt condiic- 
ton, mnA they eiuit tlm Ica^t ht^t :^ 



Copjwr . 

Silver , 

Gold 

Zinc 

Platinam 

Iroa 

Tit, . . 

Lead . , 



6 


ABoift. 




6 


Braaa .... 


= 18 


9 


G(»H 3, CoinHir 1 . 


= ^5 


18 


Gold I, Cojipcr 3. 


= 15 


.to 


Gold 3, SUvor i . 


= »5 


^o 


Till I, Lend 1 


= 54 


3< 


Till I, Coppw 8 . 


= 18 


79 







It viU be seai thiU bjr Mojing lh« mctJtlH ^itli each other, 
the 4!ondii<:ting povef in oAeu greatly reduced. Great care liboiild 
Ihcfefore \ye taken to eiuare tlie purity of tlie metoln iu experi- 
nwnts of thU nature. 

If difi'ereut qiiaiilitiea of electricity be tmruruitted tlirou^h 
tiic «unc uirc, it U found that the tcmpcmturc rises as ihe sqiuro 
of tJic quaiitiiy that passes; tliuJS if the thcnntunclcr, with a 
gt*f;u chnrgc, riw ic% it will require a cliargc of four tiroes the 
pDircr to raise il twice ks much, or 30^. 

Ry AuHicicnUy reducing thv thit-kac^ of the coitductor nt one 
port of the cvcuit> thi; heat may be raiard so far lU to fuse the 
virc, or ct'ca to conrcrt it into vnpoiir. 

TIk* amount of electricity rct^nircd to produce thi« effect, when 
Aeaaun.1l by n uxiit jar. Is tbuixd to he equally powerful whetlicr 
it be diifuited over a lai^ or a muull surfueu ; the in/eiui/y (t. e, 
Quantity vhich pawtsi tlimiigb a f^ii-on spaoo to a gireii tiiu«) ia 
the same iu tU« vire in botb eiuiM, thougb the iiiteD«ity of the 
cliarge on niiial flurfacos of tli« jar w rc^y different. Where 
laj:ge quantities of electricity arc needed, a corrcupouding extent 
of coAtcd surface is n^quisitc ; this may be obtaiuod cither by cm- 
ploying a single jar of large dimeusiotis, or sevcnd sinallcr o&cb, 
Ui/c inuar Kurfaccs of which are conncclctl liy wire», and the outer 
suriaetv likewise united by plm?iii|E tlicm upon a abcet of tiufoili 
or ojt ft metallic tmy. By ibftcliarsriiitf nudi a balter>- ihroufch 
Ihiti tnetaliic viren of K^lrer, atecL, platiuum, or copper^ far iii- 
■Imoce^ they iriU be fu^ and dinperocd. 
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The arraufr^mciit i«pr€i«Ht^ in fig, 1^9, shnwA one tnvtlMd 
of c-infiloyiii^ eiioh a battery for tLo dvilfk^^tJou <kf nn<<tallii^ wins : 
lime jai-ti artr in this cmo represented ; thty are tfiidoKccI m o wooden 

c<tfe B, fuiJ re«t on tin^fl 
foil, uliieh commu&i- 
f^tes u-ith the nmb 
ihrouf»h the chain 
Tbe Iteillery i?* <^li 
from the |frime 
ductorr, 'ilkemtmuJ 
coHtiikg^ of all the jan 
arc connected by croai 
wires. Id order 
dircxt the d!s<;hsi|Ea 
of the bnttcTT, a tvb 
piuite* horn its iudgt 
eoiititi^ to the iiwulttt<^ upper ATm,ff of ihe di»chaqrw *, ■ stcond 
wire pjis^Kcn from the hall &, to fmeof the insulated wire* oci the 
stand of the tifiwir»al dischur^ D. Iht vire for tlefUgratioD ir, 
is taatened to a card wl^icb is alao mpport«<l on & Utile stand in- 
sulated by glaaa ; and the commimication with the external coating 
of the battery i& continued by a virt connected inth tlie 
insulntcd mipport of the univcixil di^hat^i i> ; thus the roo^' 
ducting ooTnmunkation is complete vith the execpcion of the 
iiitcr\'n] brtwccD a unci ^. \^'he.n the battery is adequately chorycd, 
the lever t i^ witlidrawti, the bull a and it* ttttscbed wire arc ihiffl 
rvleuAcrl, nnd f;ill through a boJe in ihc metallic vm_ff vliieb is 
ConJicc*ted witli tl<; inner etjutiri);, ai^d titc circutt l» compi 
nhcit the halU a and ^ eoTiie Into contact. 

It tnunt bcr uhbervud ttuit ill these ca?^ of c:onduction 
cliar)^ pa^wca throiif;li the >^liole tliiekitcoa of tliu rod or vrirr, 
ift in>t ooiil^ned to '%u eurfiiec : it tberdbru muheft no diflVrom 
Hhcihcr tho metal i« iit tho form of wire, or i» extended over a 
Wg« BUrfaee ae leaf. 

T\iC di^ppTfiiou of th«* eondnctor 1)y the pas«|*« of hij^b elurgi^ 
of eloemcity leads a* to eomiidcr next whtt Karadav Itirma tii« 
dt^mpfirv dwhATgi", 

(210) Thitrtiptirr DUrhargr. — TlitH mode of diseharfce it at- 
tended by wiihim atid fnreibh' Arpanttion of tho pouii^rle'i of tbff 
roedinm througli vLich it oeeum; und it ts attended nriih vx 
tion of li^ht and heat. It xt- lie^t i^vn l>ctwem Ivo cnndiieluc* 
separated by a dielectric, sneli ai tiro metallic halk in air. In 
these eadca irheu a sudden briglil vpark fOfwcs, tlie diischarge tft u 
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complete 88 if it had I»ccii dro:;tc(l hy «lii<fvt metalLic comnkuuica- 
tion, TtiP pairticles of the intrrvctiiiig dicU^ctric are brcmght up xo 
a higlily poUrit^rl iittttv, until nt Inigth tk<^ tOR«ion on oae 
p«rliclo riwng hi^rr iUtin the iMwt, rniil Piorodiug (bat wliicli it 
cnn Kiint.tin. it Wrnkn rlnmi ; ihr^ t):tljinr-(* r>f tii(lTiHinn in thn4 de* 
Btntjrrl, mid tho diHrhurgt* in nim]ilrti^l ui the Vwe of bast re. 

Id all tlicvtc CAAOL, portionH of the volid conductors mv de. 
todicd, hikI by their iiniititm incroasc tho bnllmicy of the »ipark< 
ThU tnuudcr of njnt^riid ))Arttclei« Ijy the stmric i» easily pron-^l, 
for if HfiiirkH be eau^c^d to iuhh l>etvrceii a ^Id aud a silv<ir )m\\> tho 
surface of the ^Ui becomes t^tudded vith {larHcleei of >iLvi;r, utid 
vict vend If an iron cbain be laid on a abcet of vrbite pa|)er, and 
a poverfid diacbai^ be sent thmof-h it, eacli link will learo 
upon the paper a stain, arising from the port^Giifi of the metal 
which hare boon detached ; and if the discharge bo eflbct^ over 
ft pUtc of ^IfiSd, particles of the metal arc freqnc'Dtlr forced into 
it. The cxiseriment may bo varied by i^TUspetKHng the chain in a 
dark room, and patadng the diM;har^< throug^Ii it ; brilhant deita- 
gntioii of tbfi iron vrill be KHm at each liuk« 

8park« AtU-mUnl witU iliitruplion may aJ«o take place in tho 
miiUt of hijuid dietectriev. More ran>Ly disruption from the 
forr^ of tlie discharge occurs in solids; oci^aaicnally thiA U exem* 
plilird in the l>!ydeu Jar it^lf : the tension upon Uie giuis now 
anil then rising bo high that tJie glass is perforated. Aerot^s thlji 
ftm'turv diseliaige altt'avi aftcTwardb occiira; w thai no eflTnrtive 
charge in a balt*'r\' can lit- maiiitaiiied till the cracked jar u 
rcnioTtHh ThiB iliaruptiou of gloss may l>c produced al |>leaMure 
hy beudin;* a wire 4o ttiat its |wint may prcsd agaiiut the aide of 
a tul>c or other vcaacl filled vritb sonic liquid diclcctTic, aiich aa 
olive oil. On chai^tig tho wire from the prime oouducior, and 
allying a ball to the outside of the tube opposite the cad of 
thu wire, a apork ]>aM><w, and a nuiiutt* perforation U prodneod. 

OrCftt pxpaiwion of the air oc^^nrs frnm the hoat dcvclop<rd 
at the moment of the diKchtLrgr*, jut U lihou'fi in tho fi^llowiiig 
experimcntii. Pw;te a strip of tinfoil on [ilnji*, cutting it tbrfingh 
in two or thnv pliu^-s mth a knift* ; plart- a few wafers or otlurr 
light hodif<9t o^rr the intirrTHpbil |Hiintft, ih^'n disrrbargp' n }\t 
throiigli the tiiiftul, aud t)te wafcm will Im immediaU'ly seatiered 
in all diroetiow. If a card or half quire of pajicr be placed in 
the din^ction of \U Ihichtieaa in the track of the diacbarife, tlie 
card or llie iia|>er will lie bin"st outwards on (}oth sides. 

Many pLea»in|C expemnentft may be wade by cau%ing a succea- 
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■ton of ducliarge* to occur tliToiigb such iDLemipt^ conJnrton 
ft b«ftu!iful <LL9plfly of the el4*oUio light maj thtu be cdchibii 
ill ft dark4*ii4Hl rT>om> 

(an) Vtl&dij/ qf Discharge. — Of the velocity of tlic eparV 
c^ULTge some notion may be f»nuci] from t Lc brief durfttiou of its li^i 
nhich cannot iUumiiiatc any movbig object in two succtwwvc porf-' 
tiom, hoKcTcr rapid iu motion- If ft whcd be tfaroim into mpA 
rotfttiou o» \U tii«, none of it a ^xikcs vrJIJ i»c visible ui^ 
dayligbt^ but if the rcA'olviug whcd lie i)lumiD»t<x) in a tlariienedtV 
room by tlic discluu^c of a Leydcii jar, cvcrj^ yiaxt of it will be 
rendered as diAtin<^*tly rinible u« thvugb it were at rest. In 
ft Aimibr iiia»n<-rj the tree* even when ^tateil by the vriod in n . 
violent Btorm, if iUum'mftted at tiigbt by a ^mih of ligbtniig|fl 
appear to be a1»oliitely iiiotioEile:<s, ^ 

By a very in^aiJouH appUaition of tlua prindple Profrsaor 
Wheat^tone has abovn tlkat the duration of tbc! spark is lirm than 
the one miUiontb part of a second, Hio apparatus ia Uic same ia 
principk fts the rcvoli-iiig wbccL 

ity a mod iti elation of the apparatuK, Vrolc«(or VMit-at»lDi»e 
also eiiabUid to incjimm: tbe ^i-Jocity wiUi wbicb tbc dixbargr of a 
linden Jar troA tr^invmiltJ^ through an iii^nluUd cxjjiper win'. He 
cstimaled tbe rate of it^ piiwtage at 266,000 milot in ft seoood, 
(PAi/. Traiut. 1834^ p. S^^- ^^^ ^^^"^ puq>oM; be employed an 
iuaulftted vup|ier wirt- ulxjut btdf a luik lou);, thruiijcU mhidi a 
licydcu jur wan dtttdiarged^ Thia tuHuIatod eiirttil viu» iulennpCcd 
ftt tbrcc puints; one of thtac iutcrrxiptiuna was wittiln a fev fcvl 
of tbe iiuicr coattu^ of tbc Lc>'di'U jar; the Mvoiid «as in ibe 
middle of the «vire, and the third iritbiu a few feet of tbc ootcr 
coating of tbo jar. Tbe parts of tbo vire at vhi<^ thcra thftc 
brcflkn in t!io eircuit ocenrrcd vcrc all oirangod sldo by side on u 
iD»uUt<;d disk, w> tluit the three «parks oocdd ba «eea i^nU 
ttm^ouidy. In fig. j6o ft wire ia rcporescnted as proccodhig fnua 

Fi«. 160. 
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the knob of the jar to an inHulalcd rod ; when tbe eliarire attain 
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A fiertAin intrro«it^, a npoiA pa^nm betwecoi tliU rod Hud n vmnW Icnob 
atuif hi'U ro Uv^ %Xifi of t1ii> rv^vfilvinp mirror, at '. to otto extr^milv uf 
tliU axU, tlift trire vhjdi pofl^f^f' to the o(it4'r doating u EbaienM ; but 
the diM^nriEU i> aia<Lo to tnvenc the whok IcngUi i^ (he two intfr- 
Tetu&f; Lon^ conton4xl p>rti4>nj> of nitr. before it reaches the tmU 
aUfi of the JAT, Th« tlm-c *parit», if virw^xl hy tho unkctL oye, 
appear to bo simultanootift. If v-icfnal through the glaM pliUe, c* 
in a small steel mirTor> in, to nhich U ^Wen n rcfl:tilnt«l btit ex- 
trtDit^ly rapklrcTolviifc^ motiou oo an ^xi^paratM lo it.i ^urjart^ i\ie 
R|»rks nppO'Ar tw loii^^r n dots of li<{bt iji the same hortiDonial lliic, 
bnt prc:veiit the appearance of tlirec bright lines of tN^ual lengtli. 
l*hc tito o'lter ones commence and terminate tii the same horixijutal 
Upe, but the midclh; cue occurs later than the other tiro, and the 
anpilar p«isicioti of the minmr h.-vH find itine xli^htly to advance 
belbie the middle spark api^earH, ubkh i^OT^MS(ii[^ritly exhibits an 
ima^ alightly di^plaicftd. As the velocity of rotaui>n of the inirrvir 
is reeonled by the re^ftler, t, and tlie amount of thia auj^ular de- 
viation nf the ima^ of tho ceiUrai Rpark ia oajdly aacertaiiial> 
the retatthtion of the di^cbar^c by the co|}pcr wire, or, in oibcp 
irord*, ihe rekieity wilh irfaicli it irareh aloii;^ it, can be estimated. 
Thia cx|M7nmcrnt has aDothcr import^uit j^i^if^ratioii, to vbich 
due Wright appears hanlly to have becu giimi ; for i: idforcU ti 
ooDviucii^ proof of i^imidtaacuuA &ct^Q» uiid rtinctk^ii in the 
operations of electricity, and of ita exiatciiee an a duplicate f«>mc; ; 
at tlic Mime montent tltat a poaitivo iuflnciice leaten the Juuer 
coatttig, on eqoal amount of tie^^alire influence leaTva the outer 
coating, and i\ica4i two ncTHiraliice each other at the eeiitral |M>iut of 
the rotiductor, after tho hip«te of an extr&me^y mitiute but ni\)\ 
appK-ciablu iaterval of time. It appean from this expcnmi?iit tl^t 
Fraaldiu'ii theory (197) tliough in many m^ea a aimple and oon- 
vemeiit motlo of eiiplainnif^ taot», ia no* iho true reprfjifntati^^n nf 
the pheiM>incna. The theory of two fluids, or rathrr of two Ibrcea 
actiag in oppoiite direetions ^ecmm hy thiM d^ja^Hmfiit to be 
denaonatratecL 

The wlodty of the deetric di><ehar^e ia, howc\*er, found lo Tory 
with tlie intensity of the char^, and with the nature of tlie coa- 
ilnctiug me<liui».* The dumtiou of tie dm-har;;e may be pro- 
longed b; eausing it to take plaec through bodied of iufcrior 
condoctin^ power*. A charge of a given arooimt> if tr&asuiitt^d 



* T»r an jnd-niviine pB^h^ on t1n« riibj««t •««» ft LffctanN bj F«r«day, in 
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tlowly, b; the pvdoQBed pon^xl throiitfli uliicb its lieftlin^ pcntcn 
mil l>c H|iplict) to ft conlbu^uble. luay ha luaJe lo if^niu bodira, 
wlii<:ii the wne chai^ ruoi'e tiuirkly ti'aufimtlcd would ouljr b*f« 
dixpented ; — thus, if two mctAllic nirca be brau;;bt within an (iglith 
o ' an inch of each otlicr, aad if a Uitle 1<X)6C gimpowdcf be pbroJ 
over tbc inten'«l, the powder will siniplj be dispeneU if tlie diu^ 
of a X/crdcu jar be win through tlic wtrc^t ; but if n fuw iiicbcs a( 
V4M «tnn^ bu iiitorj)0»c^l hi uiiy |KkrC uf t)u? circitit^ tlie 
will Iw prfihiu^nl suffidcntly to fire tlie ponder. 

(212) SiriAiftif D'uiancf. — In «ir, nlk^xtcver be it» dcn^tT, 
Bame niooutit of chu-f^c |Mroduce«, CffterU parUms, iiiducuou to i 
same extent. But Uie dutAiioc througb which the <iiseiiarj^ 
€C|Uai (juaatitiea of electricity takes place in the same i^aaooii 
mcdiiuD, vanes in sTTBcly a8 tlic prcMure. XhiJ^tnif^M be ai]ttei|>utel,j 
Kinoc tinrlcr a double prejs«urc doublu the Dumber of panicles of i 
voiild r\i<<t in the «nnie i^pucc, tiod tJie |K»lanty voutd thcrcr<ira he] 
traiiMiiittcd thrjuf^h double the quimlity of iiwiJauiig ioMt4?r:— 1 
Iliu9, if i» gituii ehftr^ iu air vf oi-tllnury iWnsit/ iin» lu a vpuk it] 
(wu tudkid, at douhb; tlit- uMiid preiuun: the; »Lrikia^ dislJUice wa 
be reduced to one iuch; at a pn^^durc of oue hal/ it vruuhl 
created lo four iiuhed; at cnit- qtmreerr to eigbl iDchtt, aud oO i 
until in vfrctio it ivould pafla tlu-ou|;1i mi u id United distance. If 1 
ilvnmy ofthoairc^utiuac ooiiHtstit, it ^ f<>mid that the striking i 
tanco vanr?« dirvctly as thoidteofiity of tlio ohai^;eu Portt&ampltft if 
with a ecTtniu ohnrgc tlir fltriking di^tAuco be ono inoh| a <kitthle 
eh;irg<- will ilurluirgt^ itself through two inelio«, ft thrwfoUl chv;^ ^ 
tbrougb til r(*i! inches (llarriii). Kor rc|tudeliArgnHlbeBtrikingdUb 
hoA^ver, t^arioai in dilfcrrtnit ga^tv, inrlt'pf^ndrntly of ch^ir 

den.-uty^ xo tliat i«ch j^a« has A ap 
Siittulatiug |)Owcr. llydrot^kiric 
liiLfl twice the in^uliitiiii; iKJver oT^ 
mou air, and three tinu^s that of 1 
gen of c>(|ual ela^lieity. TbbiiinAtrikiaf 
contrast to the equaUty of iodHCtiv 
capacity' in all gasea. 

This inequahtyof iumlatiikg povcrj 
wa* proved by FAnuUybjopt-uinj* to j 
aanie eliar^e twovcpquate putli», one i 
I - them tfarougb air, tin? Dtla*r tbnioj^h «J 

rccciTcr filled with U\e goa which 
to form the aitbjeet of the eipcnmcitt as sbonn in fig, i6ti1 
Tbc difetancea between tbt bulhi wck.- raricd until the diaebajp: 
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jkook pWc xsWh fqiia] facititj^ in both ; tlic ^mc charges uan thm 
btuid to traverse double tlie ilUtuitoe id ur duit it did in hyilm- 
chlDric acid. 

Jiarvfaction of air, whclliCT cffwtod b_v licat or by nicclianioal 
mcABs, equally favoius the elc^i^tric disHiargc. A jar may codab- 
qturtitty t>c discharged through &c\'er&l indict of a comnion flame, 
in whicli the air is rarefied by teat to nearly six tiinc!J» its 
iordiiiary bulk, th4> traipuraturc of flame accordiiig to BecqTtcrcl'a 
Vxpcrinit-ntA bdag nearly 2100*^ F- A Bamc aUo acts by iu pointed 
Ibnn ill di«i|ntiiis a cbargc witb g:rmt rapidity, and its proximity 
should be avoadiil in cx&et i,'X[>cH 111^1 il^. 

Tbc fonn atid HJze of Uie A|Kvrk dcgtend u(>oii the »hapc of t)u* 
at^Dg BKiriacBs almoat as much as upon ttie intcimity of the 
irgc. Between Hie roiuidcd parte of tbc prime coodueinr and a 
uninsulated metallic ball dense brilliant sparks pass; wliJI»i 
If tlic «iriic Ijoll be pre^t'uted to a wire which projects ibroe or 
ibur inches fn^in thu condiietorp and which terminates ld a ball an 
Sndi in diiiinctcr, a long furkinl, and i>EVii ImincUiug spark, rescm* 
lilin^ A minlntiifr (l;iAh uf lij^htniii^, ^till Iw dlitahii^L 

^Vhi-'ii diAru)jCivi.T tJ[aL:hui^e ocvura Ijctiru^cn u |;ood conductor cf 
liuitol surface ami a l>ad one wliicU expcibcs a larger surfacic, an 
ititrrrrintUti^ mid dihUc »park or lmi&^ paB»c«, vrliieli vrlieii it ocirm-s 
fUi aircontfisto of a lapid fcueccasion of dif^cLnrgca to the particWof 
ur around ; auob a bruKli ha« a bright root with pale nunificationt, 
i&i witii a qutt'eriug motion nnd a rndKliic^iI roaring noise- Such 
hes fv vrfM %ecn vlicn, zhe macline limn^ in powerful action, 
conductor ift lunde to di«ebafge itaic^lf into the air liy means of 
'a hlnnt rod which prdjrfU fmm it, 

Tlici eoloiir, light, nnd Himnd of Iho rlrrtrif^ bnish vary in 
Jiliffbrentgsuws, the brush being lari^er and more U^utifnl In nitrogen 
than iu any other gas. Tltv. bruHh \^ largfat from a ritreuudy 
1 surfoet", such ua the prime conductor of tlie macliiae. FWia 
uiioti^ly charged aurlacc this dischar^ occurs at a lower 
I, and more reftcrahlre a bri^hi point or star of li^dit, 'Hxt 
tion of brushes ia fsfUitaled by rarefying tlic air around tbo 
charged pcnnts. 

^m (113) Co»cw/idn.— With a feebler ehai^ the sononms brusli 
PBreplaced by a quiet glow, attended in this ea«ti with a 
cocitinuous dispersion of the chnrge. Tlie proccM of disraptive 
diachaffTe thu* grwhmlly pas*ft» iiilo the third tnetlioil — vie., that by 
conrt^iiifa. AVhtn the glow Is prtHlucai, a current of nir^ the par- 
tide* of which ue indivi<luaU7 ehaigc^l, passes fi-oin tln^ duu^ng 
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surface. The oaursc of this cunmt may lie ^ibited br it* : 
oil the tUuQc of a taper, vhich will often be cjitinf^ishcil if broi^l 
near an electrified point which is connc^cd vitL tbc machine la 
action ; and %lit mcxtr]« nuiy 1>e *<t in motion by it. If tht< |iru* 
dtwtioii of tlic curix^iit fnMii i\ic point U- pn^vculvcl, ac by »btltenng 
tbc |x>iiit€tl win iii a inniiiJied ^liu» tulie, Uio bn^-^h or ghiw any 
be conrertM into a su^riceof KinalJ f^iKtrkA. 'flbcitc currents aiayuke 
place in llqtnd clieleirtrioa aa veil as in gaaeouH aocc«. Lei A pieotj 
of Kabng'Vax be ^led on tJie Gud of a wire atul attached 
tlie ooiidtictor of a mac-lnrLC in action ; if it be aoltened by 
appUcation of the tlumc oi a spirit lamp, it viU be thmwn t)tt m 
filaments tovanls a shen of pnp<*r held near IL Solid insulated \m4 
ticlcs may aho W t Ut mofhtim of c^^nvectivc disch^rgp, as is Ufti ' 
vhm piUi bulb orothi-r hght Enib»tnniT* arc attracted andrepcOot. 
by dcctrilivd ol;gcet» ; and in tb-JteaU- expcrinictita cnni the par 
of dimt lliraliug ill tho attnuciplicrc an? tiQt witlu^ut rAcct iu * 
or diM^liargiiig the iipponrtuA employed. 

TIta proceaa of <:i>nvcctioa a3BunM!« connderaljJe importaoM ifl 
i\tc plieiHitiicua of voltnic electricity, where it U inCiinjitely i 
Dcctcd iviih chcraii-al dveom position- (246 ei *r^,) 

(214) Other Sotrtvif 0/ Eieehicity. — Hithcvto wc liave liaut 
our attention ta raj4«« in which deetrieity in e^Koit-.n! by thi- frictka ■ 
of diMtirnilnr uuWanrps. Tlie dcrolopment of eleelricity by fiictioa] 
i«, bnirever, hut a spccirLl cnM* of a mibeb nv>ro getiend Ihw, lor llj 
hfuL txTn fimml thnt, uhi'nm'iT mii]rk*id;tr pqiiiHtiriuni i^ dieturhed, 1 
conMiirit-nnt drvrlniimcnt <>i rlcw-ti-irily tnkes place. Tl»e fojlw 
iiMtancvA will i*\hil)it th<a variety of circuinManreff nnder whib 
tbift ol»cn"ation iias beeji made. The nicir eomprfiwiion of 1 
eryatailiiied botlica i« attcn<ied by electric aclioD. A rhomlfolM 
of Iceland apar, if comjkKaaed by the fiitirers, exhibits this 
liarity. It ia also fDund that all bodi<'ii tbat have Ifcrn 
to^Cether, if properly insulated, offer si^a of r-hviricitr on 
sq>anited; althoufEb thccAbctismosteaaly oltf«rvt^lKrtwrma j 
ooQilnetor ai?d li^ul one, ^fhe two bodies are always in o^ 
atotoa. Even where two (iiAi^ of the sajoe Aubstanee arc (h 
together, if one l>ea little wainncr than thcother.di.'ktiaeteicitfTiiGnfc 
\% pTTxhirwl, the warmer disk becomiiifr rcj^ioottply clcctrir ' ' 
tuti<]i?(ity of tiic cbar-fe, c^et^-ia pant/yig, iiKTcatcs iu all cas* - 
as tbe pn^Aiire to whicb they are sul^ectad. 

Ill K»ne iostances simple elevation or depreiftteii of tcm]' 
cattioa doctiie excitement. These e^ect^ Arc mmX dt^ineilr ^ecu hi 
cryataJJixcd uon-eonductors, which are not i^mmetncnl in for 
1\>urm&linej boiacitc, ami tUc cryatals of tartaric add offier tbc 
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lEiqMMf ihiB dCMfiptioQ. If a crystal of tourmaHnfl be geuUj 
heai«il it boojiiiea jvowtfrhtUf elcctricaJ wtilUt tbe t«iiig>entun* is 
liaiii^roue rxtrciiiitv being |Hiiatitft lltt oUirj* tii^ative. \Vb(*a llie 
tcuiinn^ture tHX':»iK» »UUuti;iry, tltv trlcctrii: t^^citt.-uu'jtt UiiMii : lis 
the tr^slo] coijIb lUt? c-lTircl R-tuiuv, but tbv cl«t:trio puiantjr m 
rc%'en!4.-4i ; cbe lui^ uf the (.-rrbtul tbac bcfon: vraa jmsitK-c tu>w 
W>cotn<B bi"sativc» Tlic |jArtidc^ of Uic miucnl arc cJerLrlLMJlr 
poUirmtl iLri^u^-liuut tlic whole dda»ie for, if tlie cf^tal be 
broken whik lliud clcctntied, ciu?h frogriMmt rvtaiiiB it» polarttTi 
Uruiy ncig^tive ai ouc end p^^ ^^^^^ 

atid pomtivi^ at the other. In ^ . ^^^^^^^^^^^^a 

fij(. i6j. No. I rppfvit^it* a 
toortnallno ui vhicb thr tcm. 2 a ^^■^^■i^BH^b 9 

prtraUiitf ix rl)«ng imifonnly ; ^ _ ^■ 

Ko 2 thr 3«mc tfnirmiUiiiG in A^^B^BK 4i^^^^VJ 

which the trmpcrmtiirc i* falling uniformly; atirt \o. _^ fthawn the 
effect u[)iiii a cooling toumialiiicwliicKhftf been broken ftcrou. If the 
tournuLliue be delicately poij^cd upon itv cnitn; vrhiist cooling:, t1ic»e 
ekctncfttat€& mxj he renckrcd apparcTnt by bringing %n excited 
IEIom tube iKar to the imiu-riLl; oiiv «-\tremtiy will Iw uttmctctl by 
tlie eidtod glaait tube, nhib tl^^ otber <^xti-cinity «ill Ih* re|>elled. 

FrMtUTD ia likcviie att^ndt-d vith dc^tric dUciu-haiicH** ; the 
frv'^lily broken surl'aooA nf roll truljihiir often exhibit tliift effect lo 
mil extent Bufficient to prodok.'* dixerj^euce of the leaves of the 
electn)neopc wlwn the fia^mcnta arc? placed tipou tlic cap of the 
tn»tmiueiiL The sudden reiuling asunder of the laminro of n film 
of iiiic-iL ill n dark room, is umiaJIt atteiidod with a pale electrical 
lif;bt, Aud the separated portions in thU coic exhibit opposite 
clcctriol i»(;iEi'^ A meU<Hl vubi^tance in the act of Nolidifying, 
«oou*timei uxhibitA cltxtric cxeit<at>eiit. If suL|>liiir lie allont^ to 
eoiidify in a gluss voaol it becomes re^nously excited, uliilst th« 
^am IB rcudcix^ vitrvon^y electric^ .- ice also is fix<tucntly 
dcctfic; And the fame thing haa been oljiwircd of chocolate as it 
bcoonies lolid. These n:&ults arc probably due to Aricticu ocet^ 
luoonl by the coiiiruiL-lJou or irxpaiiAi^ii of thi^ si»lUl ttijuu in the 
JIKiuhlf from which it detaches il«clf by thin change of biUk. 

(aij) Etcdridty <^ rtf/WKr.^'H*c aet off c^-Aporation Ihm tAao 
been aaMTtod u> be one of ihc MHiitx's t-f tkx'tricity, but the trutit of 
4luv stateaient in doiihtfnL It u tme th&l if a few ilropct of abater 
fidl apoci a live eooJ in^ulitcd on the o4ip of tl>c gcdd leaf dectitMCO|kt! 
tho lenveo of the inMmmrat *liveppc«- Thia, bowever, ie doe to tlie 
cdunnical aetion bctwrnm tlvT coke utiJ the water, and tkol to ntere 
wajsoraiMMi ; ior b)- aUoning pure water to eva^ntc vu ik cicitx^ Wvc 
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pluttnnm dinh oomicctcd with tVie cleptroMopc, uo «ipn* of * 
diHtiirhaiia? occur. If th{! dinl, faowever^ be licalcd to inliien, 
ium] vraUrr tie tlropjied in, ua l<ftif£ ad it (n-&jM>ratC8 quietly m the 
ti[ilicn>jibil fijim (1S3) mj ckctrivitv b iicvclu|Mxl ; but llic moocai 
thnl it cdiLs (luwii flufGrieiitl^ lo boll vioIcuUy with jetton ■^lixnt 
the metallic cupaulc the lcuvc4 dtrci^c povcTfully- 

In Aocoixtnncc with tlii^ obAcrvnticm, FviuLiijr han cxpltinrd 
Ihc (Ici'clopracnt of cloctricky hy high-prnBitrc *t4*flm, vhi^h 
occurs to so rrmArkahIo an extent uixlt^r certain circucafftuici;*. 
Thin ho hnji trocoi] to the fVii^tian nf iruter iicoomjKuiriii}: ihi 
«toiuu BgmiiKt tliu nnficcr of tlu; jc?t thr<)u^h whu^h il i?M.^|ie« inlo 
thr Jiir- An invul.itetl btijlcr fnmi whU-h sili'itni ifc aHoift'd U> lilnv 
off lit kigb-proMnnr thrvMii^h hmn tuh^^i, in whi^h a [laHial coadai- 
salion of tbfi «rojim ncmr*, fiirrjb*lifw, nsi tii Uie h^ro-rl^trit 
machine cf Amieitrotti:, axhibiu^l At Uic Polytecbmc Infititatico, u 
admirable source of hi^h elwtric power. In ibii cipmioait, lit 
boiler becomes negative* the eseapin;; steam bciii§; pfwitiTc. Il ii 
remarkable thnl the prepuce of the atnilii^t <itiatility of ml 
or of turpentine in the exit^pipc rm-crets thcvc cU^ctricAl >4sto. 
Wood wa« found to be the materiul lic^t adapted fur \t»e in foniu 
the orifiov of the jet, wi it produced the highcit iLnioiint irf i-tia 
by friction ; Home bodies. Mich a» ivojy, prodticed etcorcelt mq 
electrie elTixrt wlicn ii*cd fw jet* to the pi|je, 

Perfectly dr^* ateaiii is in fmrt a* eompletc an insulator 
dectrkity a^ atmoaphcric air ; but from the facility of its < 
Kktioii it easily |>r()(hicc& npoo eoUl surfaces a film of co&duetiag' 
mutter which destroys the imulatioD. 

(aj6) AUmfjfhmc Kt^cMcily. — Anolltor aotute of Hcct 
tbe origin of whieh is nt present shrouded in mystery, is the 
sphere tt^-lf, whicli alTonli* displays of cleetrie phenomena on 
mo>t inii^iuficeiit scale. 'J'tie irieulity of lightning ami etc 
had Ion;; Uien Mi.tperfed hy clectrii'imm ; hut it waj» firM pi 
by Friuikliii, who, by the »imp)u <*.\|Kilient of rainii^ a boy'a hiD 
diu-iu-; a Lhuudor-aturui, i^uccvedtxl in ulilAiuiii^ frum tlie cli 
sparlis of elcclrieify, n ith w liiirh he eliargnd Lcyileu jan, ami 
^ruied some of the imHul ekctrit^al ex|)criuicuta. Such kilc-ff^iA 
however, tbrms a d^ti^-rous experiment ; and cxperinicat§ uu at 
uplipne ploctncity pr<*vcd fulnl to Professor Riebniou of S' " 
buFj^h, nha, a few yc:u^ oiler I'^nuhliu's di^ooveErVj wa« Ui 
flavh from hi» npparalnft, 

Xo Moouf*r hjiil Fmjiklin |>n^'ed the identity of lighlu 
©leetridty, tlimn bi? jirmjui^crl Uw [dnii of a\ertiikg the de 
inAnence of li)fhtniri^ from huildirgH^by means of mt?tidHoc«>tKliictn| 



nmi*. 1 o tvtjdi-i i)ti*nr rSuru'iit. tliry must [ittf}<ri't into tlicr ur icr sonra 

dtttAiiiv ^H-juDil ibc lii^^io^l poiiii u( tW builUin^ lo be prot^itd. 

Thcjr Kiiut »Uc» be nirtu-Ernlijr tbidt to awTy off the discliiir^ wilb* 

out fiuiou. Tills U ruAun^il bv tlic dsc of a copper rod half &ii indi 

in HiuuettJ'. Ihc pieces compomg thfM^ rodrt tthcmltl be In m^rlAJlic 

conULCt mth cadi other througbotit their IrOKt^- ^^^ ^^*^ coti<liiotor 

•kould tenmanto in a liwl of moist rarUi, or Wtler wtill, in n wt-ll c^r 

body of vmttT', to aa to coftarufrv^rcommimirutioti vith theuoil. If 

soy coittfitlenkblif metallic mtuv, rack n* ft leMlcn roof, form furt of 

thf^liiiilJiiis;, it *boddU^ry>uii<^'ti^%riththp(.'r>ml(«etorbir1ji«tiohr^^ 

nnd sho^d al«o lie fumiibfd wilb bnuk-h Lymductora into tbr nrib* 

Tbr <*onilfVtc]r« up bdt pLai-ed erterinr U> ibe walU of the building. 

The ftincmnt of d&makge done hr lifchtnioi? to clcinu^d obji*cta 

nnprotfctcd br roodiictors is mucii ffrcnter ttian is fM>intttiiiLly xtip* 

poAVil. Between tbe years xHi2 and 1844, in tbu country nloiie, 

not flower than Iwcnty-tin chun4i« were stnirk. linil n\\ **f tlnin 

werr nion: or Ics* Rcriously injured; wbilri in tUi* navy tlii* ainonnt 

of daniiiito in enormous. Tbe aoniml dumA^ to the? Koysl Xnvy 

has beeo rntinuitc^ br Sir W. Snow 1Inrn» nl l»elwecn 7000/, and 

t0,O30/. dunii^ IIk' IiU4? war, luid frjiii 300c/, to 5000/., tuicc its 

Itrminsttcm. The wme obstrrcr Iuli coUeotfid and recortlH up* 

wmnis of 320 caMs in wbiclk diipft of tlie Hoyal Utixy ab>nr bsvo 

been ^criouslf damsel ; «crcnil of these ships have Iwito ii^nn^d 

tnorr Uisii oDoe; in six cuficv th<* BUfoe ship bss on thm* Mrpanila 

occs«ioci9 bc^n disablc^l by li^litniii^. Of late y^nrs, nviiig to the 

perMVcring mmionif of bir \S\ Snow ilurriji, eflkicnt oonductors 

hsvelMsen inlroduml into the ItoyalNa^y; andat tlic present time 

evm- Uiwi^ir^ »hip i* riiniitbi-d with tlu^. Of Brrentcm csMftin 

vhich detailw aiv^ pn^K'niril of »hip tliUB yroiccial liurlny bem 

struck, the clTteieney of tlie cuudnctor in cHTryitig oC tbe wrvrai 

dWbsrg^'!a bAsbi.-i?u um]ilv ginivnt. 

Tliu rx|>lobitc |H)utr of lif^liUiinf? is ho grrmt ibst lU HTrcis 
may wi*!! excite our awe aial amaxicniciit. A miikIc itutunoa 
may he nlcd in illonrstiovi of ibi» point. In Nwwiif*-'r, 1790, 
the nuimnuuvt of 1[.M< »bip Ek-phanf, 74 |p»uif ws4 «trtu.>k by 
• |K>weHiil Ihwk of ligbttiing. Tlik mast weiifberl |H imw, it 
WM 3 frt.! in diamctcrr, sad tio fert long, siul ws* *tronflly 
hcHutd tft^i-tlu-r 1iy iron boopn, wome of which w^re bslf sn liu-b 
tbiek and 5 iiu^hes vide; yet ii ws« fthivntd into [nnvn, ntu\ tbir 
bofips were bur^ open and srstt^r^ sroood, amidst tbe wiiuXWfrd 
tn^etttm of Ike tiiM*i (llams). One of tlie oio>t invtrisrliva 
itistances rpconlod u that of tbe DWo^wbirh, when off Js^s Head, 
in May, 1K47* «• •*«ck soon rfler dsj light, diinnn a slonn 
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mttemlcil with hcnvy nun and IJttU* vruid, by A tremendoutf bvfiir- 
cntod flurtli of liF^UttiitLg, iwUioU foil ik]H;«i tl)« mikm tov«J in— C 
One uf tliu hi-aiictioti strucrk llie <L'xtn.'iu<* |)oi»t of ihe rorjnU ywd- 
ftrm, and iu its course to tLe ootidtu^tur ou the mul, demoltfthttl 
the y^rd, Mul tore i.n pieces or Roorched i^p lUe grv^tcr part of the 
sail ; lliG otlier part fell on tlio vauc?«A|)iiKl)e {lUe jmjnt of wliirli 
«howfd marks of funoTi) aauX track, whicli IasI yras split open on 
the lurtAnt of tiic ciifchargp seizing tbr (»iiilu<Ttor- Pn>in tkk 
point, howcicr, the explosive action ccftscrU and il^ di^cliairc frrdy 
tniTcnvd lltc wliulc line of the coiuluctor, from tho nniMln 
doH-uwanl, vitliinit doine fitrth(;r daniit)^. One of llie 
pDtutn (ff inu-iT-.**t c<mnirti*<l mih this ch^ U the cotirc d< 
tioQ of t^ yard-arm, uhidi was not 9up|>lio(i nitli a oottduclor, 
and tlie complete ivrctcction of the rniut, wliiclj irw fnrtiislied rith 
one. It id also iniprtaitt as proviiif; the moorrectii»B of iLebv 
of jrotectioQ laid doirn by «0[nc Frciich wnteiB — m,, that a i»i^ 
ducliof-rod will protect fi dr^ular trm haruif^ a radius double the 
height of ihc conductor above tbt^ hi^ht^t jMiut of tite building 
In all Ga5U9t, the Itglituing iiill take the path of least rceisi. 
and, from the recorded rc^ult^ of experiencac, it ii|>ponr» ttuLi 
path iif lea»t re^AUuice will» in alwut scvcti tim(4 out of tin, 
euch that tlie lightning vriLl strike tli« liig]>c»t pointy if it be 
nished with a good conductiui; line to the eartli or a£a ; but it 
quite possible tliat imtauccs may occur, ns iu the caarof iliv Diih^ 
iu which the line of least rcsi«tiiuicc may be iu a dificreut din 
orthiU there may be two mick lines where ihe rcsistauccaarcrcj 

Jf a hronk occiir in iuiy part of the couductor, exploeiiua w 
take place nt thiit npnt wlicn a dicsrhargr of lightning is dlroial 
upon the rwl, produdiig, in maiiycAAC!>, fcor^il doKtnietioo. Otic 
of tlic nicxH awful ctituatn}]>h(;0 of tbia kind ikx'UttcvI cm clt€ iMi^ 
August, 1 f6i^, nhtfD the tovTor of St^ Noxaiiv of Btoktiu wb« stridt 
by lx;;himii^< BcitMLth Mit lower vii^re vault* ouotnimnf; u|ivafi)* 
of 90 toiw of puipotvdor, belou^ij^ to the republic of A'vuiou. The 
whole of this cuorTtioiis qiiautity of pijuder exploded, dL-vtniviji]( 
on&siith part of the city of Urcseia, aful buryinif 3^*^^ iimaas 
beneath its rains. On a small scale, the track followed hy tha 
electricity may be lUuslratcd by Bending a flisdiarge tUniu(!li a 
series of interrupted coiiduetora, such as gold leaf pasted upoa 
paper. The pi>rtion» of gold leaf in tlte liue of tbc dudiarg^ «ill 
be burned up, wlul^tt the ci>riti;c^LoaA portions not induded in the 
'"^ack of the electricity remiiiu untoudmL 

The pcnl of thunder which accain|ianie» the lifEktiiin; &»A, b 
like the stmp which accompaniee the diBobaiip of a Le^c^ 
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jar, to &e Middnt £i^bcaMU of mr, vUclk* m tlw omv of lif;^ 
mtig, ■ omrt i if ■ eitcnd* tfcm^gfc • Aiif ncr of a nuW or i»on. IW 

ot^ei?C> ts|irKi the cvtb, «tfl br tJte ckm^ ihimtnilwiw- TW AmI^ 
frmn iii« rhtukiler dcMid v exftrtlr ■nricyiTii ta> die ducliu^pr^ of thb 
hryden }nr -. xlm And wmd ^^ «itffiie« ttf tke tmrih Inrm iIm* t«o 
cootio^ to tke iBt^rmuB^ larvr of atr. vturii, ss in tht case of the 
«oodeittcr; tiJ*" dw fifaer of tlie eten* ■hila a ckoffob ittapk^ 
or auf prqjecting olifOEt, tcts ^ put of a ioAm^ta^ rnL* 

But It a not 00I5 during & stonn tfa&t the ^t motfkmn eib^Hti 
«igi» of Gketricitir. la fine viktlMrt dm flaaiBt or ■ pmatoj rod, 
be ocnuioctod vkli mi iiuliuwo|Ki tbe mctnnncat wiilly ^vctkcb 
ritreoQAlr. Bdbre nun, the ia^tnnnnit oAen «Kine> « rD<wMu 
Mato; in gmcnU, tlte nam tint &ni &lk sfter adt p r wri oa of the 
lmoiiiet«r is ch^ i y ed r ew o a a J y- It Greqwiktij kappons lltfit tli« 
fttta 15 resiiMNieJy charged, although the mtinoA|ihcrer tioth before 
And aAcr its Cdl, exhiUt» aigne of vitfcoiw char^ tVt^ vavm, 
■nd luuJ, if ouattrndcd with nun, are ncarijr alvraj's Titreooaly 
cfaugcd in a fai^h degree. 

In vintcr. the atmo^iberic char^ ib ovoaUy higher than in 
•omuurx. Acconling to Uactdci, vhrMc ooncltMkioa are bneil 
U|uiii a M^e]i of lire pan" tuiintcm|rt«d obnenratbtitp tlio atino- 
fl^eric electhdt^ ettniite an ftrerage niuimum in January, and 
itcadily decrettra tUl JflDe^ vthen It i% at it^ niiniaiuni : thim 
this periocl it a^u iiroprewnvely iacreatea tiU Januan' : the cLec- 
tricity ill Jatiuarr hdis nn imciMiy thirteoii tiiucM aft lu|;1i an that 
iij JtLiu:. Tlic ekxtrR-ity of tike air tuay be siatcd i^ticrutJy to he 
higher iu a «^oafllcs» ihAu iji u ckindy ^y. Only tntcc dining 
the niontha of October^ November, DtxrcmbcTr and Jtuiwtry, has 
he ol>Ukiiuxl jCTtKif of negative cicctricity in the nir. 

Tbu iub^DKit}' of the chaige vatic* likdrinc tloritig cjw^h twenty* 
four hourv; k Kwi tvo mtxima aiid two minimn. Tliff firnt 
mmmmn i> l)cfi>r<: 4^ght o'clock a.m. in muniD&r, aud l^cfurc? ten 
A.M. in iriut(?r; the toeoud tiiUrr niue r.u. in »nfnnirr, qimI tx^forr itix 
r.u. in wiiitj^r, Tbefint wimfoumiK '.lutrormly itliout four a.m., uul 
the flcoDul ahout tbree i-.v. in tiimmrr, and otte p.m. in vrintrr. 

An ingeoioua experiment of IWn^uerel'ft ahovn that tlie 



* Pfo fatiifiutory erplmutic-n hw been ofl^r<<d to anonnt for ihe fitr«* 

OtfiTn^rj mpi^lilY with vhii^h th<>Ai> ole^.'^rtoal AfouiLniUtiinH aro rf'iinrpiL 
Oa thr (ilii of July, t^4.';« abuui 10 r. m.h nfliT a rlrnr bi^t tU^-, ui i1m> niM^ft 
of TApour fornuQf,' nbink of cuiWi. 1 cctinU^U in tno luinuW^,) fluiiM«Ji- 
•tl«ftijc4 by tbui^ctcr i und ^^wrmH lii^icH iJuriiuS th<^ «ftti>r i^r^nin^t f i.i1i»vTT«4 

beiveeu jo md 40 di*eh&fic«« IVmi oao cloud to onoth^, par mmut«. 
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iiiten.tUy of the diargc incrraflra with ihe pfcratini* abfive ll« 
«^iirUi'9 surface, aud according to Quptcloi'A oTiscTvaiiiiiiii, tlv 
iQCTea^ in iutcnsity is proponionAl lo the beight. This law of 
Qudclct Kks odIv. bowcx'cr, bccii fcriHod for heights uot exnxiJiii$ 
sixtoi'ii feet. Bccqiwrrr* cxpcrinK'Ut ua* the followiD}^: — Hating 
BMCmk^ Mount St. Denmnl. 1w attached otic end of im itifuhtnl 
gilt tlircud to tlic xhaf^ of &rj nrrcw, um) conocctcd the other 
extremity «itli the cap of an electroM<opr hv % niubiiig ItD^rt, Tic 
arrow vua lh<!n dJKrhar^fed in a renieid directioti by metuiA of i 
l)ow i ad it a^c^iided, the leaver cxfiaiidcO piKliuitly till tliey ^tmck 
the aides of tlie ^lass. When tlw ftitl laigth of tlie thread w» 
attained^ tlic upward motioii of the arroir dct«<^lied it oltiigcthct 
from the cleetro&copc, leaving the instmment chained Titreoitdy. 
Ou repenting tbc eipcrimeut, ahootioi; the arrow horixontaUf, 
no cltarj^c at all wim obtain<Ml. SimiUr rc«idt9 may be obtained 
on a clear day by aftceudiiig a lotty rtnincnce or building, to avoid 
the induction of near objects ond taking a gold k«f elccttosrofie, 
temiiiuiting nbo^e in a baJI. Tlie electroticope being now fa 
a neutral 4taic, it will, if elevated only for a foot or tW'O, dirrtp; 
with TttnouA electridty. On brin^nng it inuM to tl3 ^irtin^ 
ptttittoiir the lcavi;b uuLlti|>Me, aiid i>ii iKyreKKin^ it heluw ihht |)oint^ 
tbv )cai€B ftf^ani M:|Arutc with tUv uppxtite elcetrieity, 

Kloctrictly dcTclopcs itself in the atiizosphcrc hi otber fonusj 
tlnia luminous bnisOics, st&ra, and gloirs, have been fn^gni-titl^ 
obwTVCii ill Jitormy wcntWr on tlic extreniiticft of the uinftt* 
yArd-nnoK of f^hiiNt, on the pointn of weapon»,a»il c^cn occiuioi 
041 till! lip* of tiu! 6ngcrH. TIickc phenometiA at«^ in fuel, eiLM?a 
bruwh divcliargf? upon u large Hcnk% and arc in m^ny infli 
attetided witli fi roaring now. like that c>f a Ininiing |iovtl 
Ap))«aT«neea of Uii^ deitcription formerly went by the namo of SiJ 
FJmo*M fir^ : our own Baitora trrm them r^ma^aniA. 

(217) Aurora liorfaiis. — Another very Ix^-autiful mdMrwMch 
iflOCcafiionallT seen in tliJH coiintTy in clear frosty ni|*btA^ hnt w 
ifl obscried ver>' fre<|ucntly in hijjbcr latitudes, baa probably an 
trical oripn. Thii^ i-s the attrora bt/naiis. It liaA Ijoen sitppoaed 
be occMWoned by the paamgc of electricity throogh the rarefied por- 
tions of the upper rr^ion^ of the atrnmpbcrc from tbc ]>o1m towaidt 
the «|uator, but the evjilmutiou i» uuMtiafainory, and not adequate 
to account for the effectA obaen'e<l- Tlic i^rietiea of eolouml light 
e^hibit<^d by the anrora may, howcvi^r, l>e imperfectly imitated on' 
» stnaUvcale by diM-hargiug a roii tinned, or an bitcruiitteiit sop[il]ri 
of electncity thrcnigh a vc«acl partially exhausted 1^ air* 

Tbe fntEUS which the aniorn aasuniea arc very raried, and 4f 
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CKtraonlittnrj berantjr ; tlicre u> Ikowcrier, uqiuIIt some gcnenJ simi- 
limiy hi its UB|K^t at the same locidil j*- Couuaouljr, BtrcnmA c if tij;lit 
arc Bt^cii ElbtxtUii;; upwarda from the iK>i"thcm Iioriauti. TUwhs 
fttrvanis iire fi-equently clM«crve<l to meet lof^uther iti tLex^utli, «n<t 
|iro4u<^ Bii A[>pearaTKrc stA if n va«l lont were exfADiled in tbe 
bemem, glitteritkg vrith gold, nibiee, aiml t^appldrof. 

A remAiUblo conacicioii bA« hocii olraerf^ bc4iT««Q the 
nnn>m ami tin? mngnrt.Um of thr rjirth ; tin* mjigiirlir nw^Hp boing 
vrry gciiCTriUjr tlisttirlwd during a liisplftv of the suimm. The 
luvbrv of tbe aurora mo*t commonly tTJi^-rrjic tlift Ay at riglit 
ai^!k<9 to tbc ma^ncdc meridian, lbou;r1i drviritioTi« from UJa 
fUrrctioN arc tKrt rw. Sir J. Franklin says tbat tbo 4tbuirl>aiicoof 
tile nwctllfi nw« iMit ilmyv ]>ro]H>r1ioimte ti) the aKttaiion of tiie 
aurora, bat va^ a!<ra>i« g^reati-r wben the iptck motion nai rivid 
ligbl were obscrrcd to take pUce iu a hazy atoMJsphcrc, Tbe 
aorom is most fref)uciit aiul vind in liigh bititiidra lowariis citbcr 
pole, but tbc mcTt<?or is uot coafincd to tbcw parts, as Dr. Ilookor 
utalrs that one of tbc most bnllmiit dii^pbiys hv. uvlt wilui'Wiedp waa 
imilvr tbc tropical nky of Imlia ; and otiitr oWrrcrs ha.vtt wcorAcd 
iuiJincc* of it9 appcTarsiitoo in tlir tniuatorial difttrict^ of tbc globe* 

Tlic gititudc cf tbi? atirora y^m-i. cousiderafolT ; tl»ere U no 
iloubt, bowei'cr, that it frerpteiitly oocura at small ckvationa. 
Both Capt. tHnklitL and Capt^ Parry rc^nl cxamplca of Its 
apjH^arin^ Mow tlie Ic^el of the cUjimU, which Ibcy dcsi-ribe as 
concealed behind the ma^fict of its lighc, uid as rr«)>pcmiig 
wbcii the meteor v aidahcd. 

^ HL Oalvahic Oft Voltaic Elkcteicity. 

(3i8) OWFtfHi'* DUci^ery. — Aboat the year 1790 Galvaui 
luzule lilt olucnatiou tliat euiivalaivc moTcm<rnl» W'crc produced 
in till.' lijt)b» of 4 fru;; roi^utly killc<l if brought itito onut4Lct with 
iwt> diMimilar oictJila, »iicfi mA wvc oiid copix^r, which irerc dtcm- 
adrea iu coutact. ITic cJUKrri- 



moiit taay be readily rqtontcd 
in lliC following ninniLor; — 
Ex|K>«o tbo crural uct^d (x, 
fig. 163) of a rr<*i"ntiy killefl 
frog, tonob it vith a vtriji of 
sini!, %y liiul at ihe Haiue time 
tonrh till' sturfon^ of llic tliigb. 
fltt, with otK^ end of a bit of coji- 
per wire, c; the mometit that 
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tbo ether cvhI of th<^ copper wir« ia made to toucU tho diir, thn litnti] 
ia €Oiivul)K<l; llic oouviiIhIohs c«aAe whim the tvo itictnU nro iwp 
r^ted ftojii oacL ullier, thon^ tliej are «tiU in contort viih 
Animal. Kacli tiitLe tliat ttie zinc Jkud co|ij>er *f« nuuln to Imtfli 
tlic conviiUion is i"ciiewc<i, A Uvf flovinder hat\ iif>riti a pewl 
[ilatc ftliowK Tho partionlar si^i of iinrjiiitifS8 ; A Hilvrr KpiKJU maj 
ftl«o be laid upon \i» bark imhoiii any apparrnt cfTcrt: hul if 
itpoon Ik- maAv: io touch the pontcr whiJi- it trsU od clie fi^li, Uid 
luiimnl ljixoDK-» frtron^l; ronnil&rJ. If a piixr of xiiicand ae<hiUii 
be plitocd one above urul tlic otlicr nniler tht* tuii|^ii?, tio fttrtir 
•ei&utioti in |K*rc4^ived so long il:^ the two mctub Arc kept w|i; 
but if the ^ilv(T And the liuc l>e allowed to toucb each otl 
a peculiar tiii|:lin^ A6n8atioti or taste U expt^iianced ^ aud if 
aUrer be placed 1>Gtvteieii the ti]iprrr lip £iud tlie u^h imtvad 
luidcT the toD^c, each time that tUe two incialfi are bron^t inid 
contact, not only will a taslc be peroeiTed, but a nioaienttfy 
flash of li}^Lt will appear to pass bdbro the ere. 

Those phenomena are all unalo^oiu to cMch ot}i€T, and bate aa^ 
doctricml origin; and hy ttncing tlhcm to tliuKtarce, a bnini^< 
eteotriad sdi^cc bm gradually bcucn deivJ<3pcd, uUicTi in hauo 
of it« firat dL^corerer Jim been t«-m»ed ffotvoniAm. 'Ibc fertu 
vniiiaiD, or t^oUmc eitrlndt^f ua it ik oIho <:a]led, in reineiid 
of tlie researches of A^oltn id tUb ReJd, i» applied to electric 
vhieh 18 flct in motion bv rbemical aetioa. It is luniaUv dt!v< 
ty cite eoucact of two di^iiiiilar metals vilb a fluid. 

(iiy) Tiieac effects luav Ijt- tiaetd by Tcrj uuiplc lue 
AThon a pl&te of ziuc xa UiimerHed in dilute Bulpburic acid, tlie mc 
becomes rapidly diMtohed, and an cxtricalioii of lijdrogen ga* lake 
place, vratcr ia decoinp04Hxl, the oxy^n of the natcr iinilc» wiih 1 
a^nc, oxide of zinc i^t foraged, atui hcGoin4Tff diMHilrcd in tlir nulpbd 
acid. Bat if tfK? jiuHacc of the sane, nfUr it lia.i hi^cn cleui^ed \if 
immcrmioa in tht? acid, he rabbod over with mirrcary, a bnllka^] 
amalf^m i^ apeeddy £:>rinuil over tUc whole face of tbo naoH 
Sueh a plate may thea he pUtiif^L-il tuto the aeid, and it will revcun 
arithont niidei^iTif^ any e)t4'niii.'iil ohanfi^ for houm. Tbe emucofi 
IhiA inaetivity of thd rine in not f&ati«fnetorily aceonoted for, 
the fafrt is eoittinually maile nse rtf in xx>ltai£ e^pcrinirata, 
addition of a Aocoud amalgamated sine plate, whetlicr it be 
contact with the fiTAt, or be separated frxxn iU produces tK> change J 
Bnt if tlic second pinto be of platinum, of copper, or of na^l 
nelal which is U-wt rapidly actcil on liy the acid tluni zioe n^ 
although uo action will occur whilst the two plates tcxaaia 
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. wparate (» ftfcovn in fi^. Z64, 1), yd the oLonacnt that tbov nra 
; allowetL to toucli, eiUter Abore [2) or bcnt-atJi (j) tkc Hurfiuoc of tho 
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tiqniil, an e^app of bubbles of m» will take i>ljirc froia ttio siirTace of 
thr platinum. TkepIatiuum,Iu}wov«r, irk t)nK case is Dot acted n]>on; 
if iIm* t«o iiU'tiiU h*s weiglinl ln'fure the o\pi'rimv!»t is coniiooitneilp 
mwl again after It ift ronctuiU^I, the weight of the ])Inttnum vrill be 
fbtttkd to l>c iitialu'rn^; but tlie sdnc wili have been iu?tc() on, 
ani] iaIII wi>i^'h les.^ than it did before. The ^1 may nwiljr be 
co1hi^lc<l hy tilling a tube irith aoid^ and after iiitroducin^ the 
platiunm plate, iin-ertbg the tube in the glaM, so that tlie low«r 
■dgo of the placimim may touch the *tri|) of rinc (Noi 3). On 
euuQining thcr gas whit:!] riiM.'v in th(< tube it will be found to he 
pure h7^in>f;cn< It is itot noru^Mary that the two plates aJtoitM 
dlr«ctJy touch each oilier. They luay be e^nncctett by mcaos of 
' «mriAllic wiiv (^ at 4, %. 164)^ by a piece of f^rapbite.or by any 
pXKl eoofliietor of electiidty; gas viU cmiciiu^ tttiiler thcfo 
circiiii]3iai>eeA to ri*e from the platinum plate ; but if a ^lnjut nxi, 
a fttiL'K uf shell lae, a bit ofgulta ]>erc^a^ or aiiv eJeclrie inMihiroTt 
bv uiatlti the mctlturo of intcroommuiiicatioii, all bj^ub of aetjua 
will OL-ue. The Icf^th of the metallic wire employed ta com* 
jiatAlivdy uuiuiportiuLt ; it may vnry from a fc^v i»clie« to mauy 
tDile», and lu cither com: it will cnalilt* the action acrow tlic fliud I0 
take plcLcc- A pair of plate* of diwiiailar metolii immcraed in a 
flaid, niii) in e^Wtual eoniiauitleatioo eitlier by ilirvct coatnct^ or 
ibrcragb the medtiuo of a wire, i« ealM a rtJtaic ctmriL 

(aao) Th(» wirft or other medium of com rauvtieat 1011, flunug tho 
time that it fr>riii4 the eounexion hertirocu tlie two met^h;, ifxhibita 
ngiw u( turtiritv u'hieh it did not beJbrt peaaaB ; it exerts a vaneiy 
nf ii\11oeiu«H ui^n surromidiiig liodica, and it loeoa these ]vnvfTa 
immeiliately that the eontact with t!ic metal pUtCA is brokcu, Far 
instance, ihc temperature of tlie wire U for Uie time el(n'ate<K 
This may be prov(?*l hy cnit^itifr the wipe to traverse the bulb of a 
delicate air thcnnomcttr, or by making a compound metallic 
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ribbon, such as is used in Brcguct's thermometer (134), part of tlie 
choiu of commuuication between the plates. If a portion of tlie 
wire be sufficiently reduced in thicknesA, vimUc ignition of such 
portion may even be produced. Indeed the quantity of heat giTca 
out by the connecting wire may be employed as a measure of the 
amount of force which it is transmitting. 

{Z2i) Action of the Conducting Wire on the Magnetic Needle, 
— Another remarkable proof of the activity of the wire which 
connects the two mctidlic plates, is exhibited in the peculiar 
influence which it cxcrta over a ma^ietic needle freely suspended int 
direction parallel to the wire. Such a needle t^nds to place itsdf 
at riglit angles to the wire. If the wire and the needle be previously 
arraoged in the magnetic meridian, the amount of deviation in flu 
needle aS'ords a coni]mrative measure of the force which is conveyed 
by the wire, as the needle ultimately assumes a position of 
equilibrium between the directive power of the earth's ma^netinn 
and that of the wii'e (252). 

The njovcnjcnts of such a magnetic needle afford one of the 
most delicate testa of tlie development of galvanic electricity, of 
of electrieity in motion. It will therefore be necessary to examine 
the dircetion and nature of these movements. 

The direction of the ncc<llc under any circumstances may 
easily be calculated by recollecting the following rule: — VChea 
the wire is placed iu the maguetic meridian, with the end 
coimccted with the zinc plate towards the north, and the needk 
is placed 1>elow the wire, the marked end will deviate westwaid. 
"IMien the wire is below the needle, the marked end will more 
towards the east. The first effect is shoA^Ti in fig. 165, i ; the 
second in z. On reversing the attachment of the wire to the 



■~r^" 




TSB mi-TAsroitrrrm. 



319 



platot, the jilim'tin^ftui will in rarh r«nc be im-crtcMt. By in<*Aii« 
of a MTtipltr model, the diivrtirm nf the noodkf iin<l«?r jmv nji»ili- 
Hon» mnv Iv tettdiljr UMtimtcd. Acmm a ik^uiin* utrip nf nHul 
tuila cyliikdncal iiieoe at riiclit sn^icj*; let tKc hiiiatt ml rr|ir4!>nit 
the nuiifuetic needle, the rouod rod die cotiii(Vtiii4rviirv(^. 16^,3 
Anil 4^ ; tkcii mark upon tbe squikre nnl tJic letter* s, nnil 8, vh) on 
tiic round rod, p aud t, in conlormity vith tbe niie juBt given; 
by pbctD^ ibc muiU'l in »oj given |ko»iuon, the relative cBw^t 
cf tbe wire upoa tlic needle under thete drcuHi&taucefi will he 
shovn. 

Evm tbe liquid port of n Toltait^ circuit acte thtu upon 
llio rDA^uetic uccdk. Tlii» Biay bo hUiwn by sii«|Hruding a 
nec^e, n i, by memu of u flbro of p,^ ^^ 

kilk, nver n dt»b of diluted hulphunc and. 
Od one »ide of thia dUb a Kiae pUte, 
t, if inttcrled, ou tlic other a plAte of pla* 
tmiim, p. The needle must be pUeed «o 
that one of )t« ends may point towards onv 
plate, and the otbrr end tnu-arti^ the otlutr 
plate. If tlie two platira bif now eonaeetcd 
by a wire, mt Jturtu lu iliu ligiirc, th(? 
nrcdlo will lie dHWu-\l, wid will phiec iwclf 
Ixsrly pnralUd tu the iucIaI ]iLitc», 

(aai) Thf Galvanometer, — Sinccevcry part of the circuit acta 
equally ui>ou tlic tiecdlc^ ^tu\ aiucc il bi )XKK»iblc lo make 
■ertrtU porttf ivct feimulUiicou^ly upon it, actioiui nmy l>e rviidcrod 
ferccptihU.' whic^ would otIiorwUo be too weuk to iuftueooc 
ila motion. Fig, 167 will convey nn 
idea^tlie priucipto upon whieh tltU 
ia efifeetod, SuppoM? tlie wire eon- 
tieeting iW plit^i^K r mid % Ui be hetit 
into a loop with jiiLnillel itiiii^. If n 
DUgnetic needle be tuupend^ he- 
tv^n Ukc win-H, aud parallel tci tfacm, 
die locp and the needle being txith 
ID the rua;i:Qetic raendian, with the 
Cpd s poiuting to thr north, the 
marked end of the nwdle wouhl l*e 
impelled vcatward uniler tbe in- 
fiocuoc of the force in the upper branch ; and a^ the euirrnt 
returns in tlie reverse direction tbrou;;b the loner wire^ this 
tendcw^ of the uorth end westward would be doubled. By 
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incrcfMing tht^ intibtK-r or4^ib wliicii are placed arnuntl Um nrfilV 
parnllrl txi rM^ii otlitrr, viTy t«eUe octionA may 1« reuiWed mridn^L 
Anm)4nime,uCi:utu.tntoU^lou thia priDci|iJe Utentml a ffalfiiiiiaiirf ar. 
The wiuitiility of the lealvaDoiDetcr inttj, bovc^Tr, br HtiU 
Fartber incn^Aed by pUcaiiff outside tlie coil a second raaimt'tio 
needle with its |ki)ca rcvureal; the dirtctivo force i>f llie eaith 
may be lbi» almoet exactly ucutmlixnl^ its attnutire paver apon 
the north ctul of ouc uccdlc being almost exactly rotiiiU!r)ialan<vd 
hf its rcpuUiTC ftcliou upon the KMith end cf tho needle n^ich 
b panlU'l to it. A jxiir of iiec<lleH tlitiik amui^<d ooiifiiituU<s «hat 
b termed nn t^Utie conilHualion. A veiy feeble force vill be 
suftinont to drive oi^ jarticular extremity of rojcli a pair of iicr<Bi» 
to the cAfit or to the vre»t; but the tccoud needle Innng ovtskie 
the coil will he acted u|Xfta by tJic upper vires only, the limitr cina^^ 
bcin^ at too ^^itat a distance to produce any aeimble eflcet. ItiJH 
action of the iipiM.T wires tipon the needle uboiTEv tliem eomacktf 
^th their octiou uiNJtt Uic lower needle, irith its reiersed polei: 
and the elfect of a fcvblc curreut b thua malerialiy incmuod liy 
Uietpc eolubiued action*. 

The Astatic galvutometcr % 
ginskuiled iu .'vclioii in flg- t 
Tlic nrtxlliT*, H»,sn^ anHKi 
one nilluti, tuul tlte other 
the eoil uf nvire, tr: to, by meiua 
a tibfc ef wlk, d, tie irhnto 
encloMMi withiu the ^laas-eaM^ 
By noftiia of a screw At a, 
point of KiiA]>eu]sioii of the 
cim bn raiwd or lotreretl %ntlii 
tviaiting it, M> tliat whi-n 
needkfi are Ti<vt in twc- lUnr vi 
need not he jaiiipnrled by iIie ! 
Iibre> c c, b a alirei of (v>|i|ier |va. 
vkled vith a fn^du&iion on it« margin for eriimating the ai 
deviiition of the needles ; A *, nie binding ftcrewii for eonnnUac ^ 
extreniitiea of the coil with the mica vliich traniinit the eim*EJ; 
the appamtiis can !w le^-cllcd by mvM\n of the pcrewsi, m m, and n /, 
a lerer is shown by n hieh the c<)il of wire, w, can be pbced arx'tvatdj 
I^ndlcl vitb the magnetic uE^odlea, bo ta to maketlwm mboAfi 
TiUj tlie <cro of the grwliuitecl ciido. Such an ttntninM-iu my 
be made not oaly to indicate tie exi^tenoe of Toltaio Krti<ni, bob 
aim to measure its amoutit. When the dcviAtioaa of the 
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not oxocciUitg ij^ at 30^| tbe iiiitJi)>cr of 0(^'roo« of 
turn givcv iicarlj nccnriitcly the fcIaIivc foive ; bui Tor ui^ca 
vntcr mngnitiulcj ihiA i^ not tlio ciuic, )>ccausc tlie more lUc 
iO drrifttwi from )>nrnllol]«nt to t\w wire, tLc more obliquely 
jKTcfnTv the loM ptiwcHiilly <l<}o:i tln^ fiirec act ivbicL oeca«ion« 
Olion ; uul it btoomi<B uircuHAnry lo dctt^rtninc the value of itio 
M hy cJirect trxperiniient. It vould require a. grcAter amount 
jiftr to inovo llie nestle fmm ao*^ lo 2^, tlian firom 10^ to 
and a *liU greater to jvocttieo a deviation fpotn ^o* tn 35°; 
ht delation in cateh case is defitiite,and conaefjiwiitlv mny Ite 
lated and measorod. 

aij] iVlloftioB has alrend^ been m&de to Hie ph^&iolo^cul 
n <rf the current, in con«c^|iicnuc of which, if a living auimalf 
part of oiiC rocrntly knUnl, «ueb iL-t tbe limb of a frog, be ia- 
Td bctweeii a pair of i^lateH, muHniliir contnurtioiui are pro- 
d ; nmilar effocta occur if a portion of tlie huinoiL body, Huch 
\c ti|i of ibe ton^nf, be iacliuled between two intcrrnjued 
ta of th<* cxjcdnctinff nirc. liul in addition to tbe hf^liiigj 
[letic, and phj"siolopical effect*, another remarkable series of 
lOmcna, tlio^ of chcniieal deecmipoisition, may bo exhibited at 
ntCTTUptcd puiute of tlic uoiidutiting nirc. These, however, arc 
* di^inctly »ltown whon a number of pair^i of jilatos is employed. 
224) TV VoHak Pile, — In proacciitiii^' thr cxperinicmK of Oal- 
, \'olt^ di*<H>veml tbat by u&ing a nuinbrr of tuniibLr inrtaUic 
I mOLBtteni^l by a sabne or by an acid Ucjoid, many of t1ic effects 
idy di'T^TilKKl n'crc fircatly iiicrcaaL-d, and 
ic year iSoo he published u dcftrription 
ic apparatus vhich he had cxiiitrived, and 
-\\ ha» |)erpetualed tbe name of lU in- 
of under cbc (loii^iatioii uf tb<-' voUaic 
Tliia important inntrunicnt is rqrro- 
cdinlig. 169. It cousiata of a 9iic«*Mon 
ttim of pUt4^ of two di^^inilar metaln, 
I tm zine^R, and coppvr, c,or zinc and KilTei*, 
I pair brin^ Bopanted on either Hide fi^mi 
■iljaeeut pairs by ]>ieeeji of eard or of 
liel, F, moittteited with nitll mxt^ wuter, or 
I tfiry weaV add : ihosr pUloft may Ih^ aoj>- 
ml by a frame of dry xhhuX. Tbe effecta 
liiced by mch au aj^^ianLlus ;vere soon 
k to be of an electrical character. If the ends of the pile or 
,wire» couDCCtcd with them were touched, one nith each haul 
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prcv)ou«lj moUtcnodr ft9cnf>ation samiUr to th«C of tbc electric ^hodt 
was CAiMrricTircd. S|>«rkii coiild Hft nhtnin^vl Wt^^rcn two picoca <^ 
oTiiircoftl ntlAcHcd to the ctidn of iho wire*, (liwrgcace of the goU 
leaver of tlic cIoctitMCopc wtt9 [iFoduci^ whcii one vtrc touched tlM 
cnp of tW uutrumcnt, und otlii^r eli*ctrical ciTeiTtii n-ere oMftiurd 
III nrrfthfpTvg tlje pUtn of nu^tnl it ift nj^aemurf *trictly to oIwcti « i 
oerUnn order in their Kucci^AAioii : tlitiit, if a piste of cine vith a «m 
att7kr)if-(l ro it form tbi^ bottom of tlie pile, a |jipce of wet BaiuuH 
miu^t he placed upon it, tbcn a pieec of copper, then a piece (X 
Eiiie. then d&tmel, then copper^ then mc, tlicD duiud, and «oob, 
till the pile tcrmiunti^ at ttm top with n plate of cO|iprr to wh»fa t 
uirr i* ittachcd. By »ol<U-riitx logetlvur the tine and copper ta 
paiPs A coikHtdcrablc improvement u effected, complete contact of die 
two tueUiU i& iiiaured, aiid the apporatua c»i be mouDteil with 
more rapidity* Many practical incouveaienoes, however, are eipd- 
ricuccd when the iiutnimcnt i« mounted in the form of a pile: tkt 
liqnid in the flannel eoon lofce thc^ po^:rr of chemicallr acting m 
the zinc, ntui the nccivity oftlic combiiulioii niiadly decliuca. 

Anoiher more ctTLictiiH.1 mrruigt-nieiit ndoptcfl by VotU ii 
ahovii in tig. 170; lie termed it the (^V^tt^ii of Vujft. In thii 
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form the Vu[\i'u\ in the cell corri^ffiionthi to the moiirt HaQiie) of I 
pile, aiid llie unc of one cell being conneetcd with the eop|«ii 
iho adjactmt eel) eorreapouda eibctly to the UTaugement of t 
pile, where the zinc is on one side of the llimncl, trliilst the 
in contact with the other aiirface of Uie flannel eommtuud 
witli the 7.inc tonchinK the flamiel next above it, aud fooa. 
more efHcient furni» of the voltaic battery will be 
further on. {2^1.) 

jf^e Conditions rtquired to produce Volttnc Action. 

(325) Electric Dixt\trbanct h\j CQutart ^ Dimimiiar J/ri«fc- 

Haviiig iu the forc-^ointr rcuiark^i traced the roltuc phenonKaal 

a modifiatt^D of elpctricity, we nmy now proceed to 

more panicalarly the conditions under irhidi Uiey occur. 
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It va» eorijr oWrvoil hf VolU that when two diiltTciit in€t«li^ 
\j uwukt^, arc brought ioUi coiiiAct, imil tlicD Mpaiatcd 
of inHukting huidl«K, i<«cli ptatc exhibits sigaa ofeleo- 
trieit}\ The more oxuluable mintol in found to bo positive, wltiltt 
tbe mecnJ whlob U lemt OKidiyiiblL- ii m-f^ntivi?. If xinc liJin;^ be 
lifted thruiigh a piece of iii^uhititl ci>|fjii^r wire f^utx' ii|Xmi tli*» ^jap 
of a gold leaf electro«n>i>e, ihe leavcft of the iimUnimcnt *-iU 
difcr^. Oil a]^sx)ftchiiig the eLectroacope with kix r>x<*it<rL tiick 
of M'&liiig'Wax tbe leaves will collapae; thus proviD^ th:Lt Uic xitic 
filin^E* hiive acquired vitreous or positive electricity. If ^opprr 
flliii|E« be fined tbiough linc ^mzc, tbc filine? n-ill Ijc found to be 
Mgative. The vnrtou* ihcuIdi may, with rcrcn-iict* to these electric 
artiona, be amused tu a serii^ iii which iIkm^ firvt in order 
become positive hy contact with all thone th»t fi>lhw, m\A negative 
frith alt thoae that precede: for examj^le, |)ota»4utii, tine, iron, 
Ifiodf tut, copper, mercury, nlv», gold, pUtinniu. 

Volta regarded the iutcrpu«cd liquid of his pile iu t)je light 
Sierdy of an imperfect conductor which idloweil iii<liictioti to take 
Jilaoe through itj the clcctricoJ CKiiiilibrium being pcrpcuuiUy dis. 
tariied \vy tlie conUet of the two mecuU; mid he ovcrlookcst the 
iftetnical change which the liquid is ccutmiisltj,' uiidcrgoiu^. 

(136) CJifmkai Aciicn E$sientiQi to the i'roduUion 0/ t'oZ/are 
ActHfH, — It is now kuown that chemical ehan;^ are eo^b- 
tial 10 tlie productiou of the force. Coutact of diBsiDuUr sub- 
■taooes is alAO necessary to the voltaic actioo. Such contact 
pvodnecs diHturbaueo of the cL^vtrie equilibrium iu the liodics 
which are brought together, iu»l thii9 oocaMona a »totc of iciibiou 
or poUnty which alwayn prrcedcfi the diM^hargc. Chemical actiovj 
by renewing thc«e contoeta and by fumiBhiti^ appropriate coa- 
dnetora to the dcwtricity thiia ikccuioiilatcd, iiuiritiiiiia tbe actKm 
and aeoitmtrly meoBiireci its fon-c. t-'atil chL^ioicul action occiira 
no currcrut is producwl- TJie followiti|^ eiLpenmeiit uioy be dt«i 
in illuatrutioij i>f tbin poLot. Lot ao iron wire be eonuectod with 
one extremity of a galraikimetei-^ tiod n. plaliniitn wire with tl)e other 
eitraniiy ; imraersA the mdn of the vrircA in highly eoncrntmtpd 
nitrir ackI (ftp. gr. about i'45), mi chemicil aetioik will occnr npoii 
tlic iron, and no movGiaent of thi- niaicia'tic ueedic trtll l>e imiduced ; 
but the luUition of a little wnter will drtermine a rapid aoltiiion ot 
tbe iron in tJic acid, &u<l tlie itecdle, at the same cnoi»ent that tlie 
ebemical aotioo oommence^, will receire a poncrftij impulse. 

(227] PolafizalioH and Troiuftr t^f tf*p EicmeuU i^ the Liquid. 
— ^The simple oocarrenoe of powerful chcmieal acUou is not aloac 
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ttU0ioie»t to prod»e« a powerful roltftU! cAVct. The m«tal>» wr nil 
exo^Lkiit oondtictorc of idoc^ricitjj and m combintiip witli each 
other CO form aUoys, the*}* of^^ti givcf i^viilt-tico of iiitrii>^r t-lirniioU 
action, hnt thvy do not iinxluce any aclnqtial^^ voltnir r?lVtic*t^ Kor 
exnniplr, if n ^mftll i]iiantity of tin ht \i\ACit^ in a tnW Ix^nt intfi 
iho fonii nf tilt? Lt^ticr U, and he melted by the ln-ut of n ^]nni 
Ininj), anil it be connected on oiie eid^ nitli the vir^ of a ^vaiio- 
mcicr. nhieh U introduced into tb^ melted nielal iti otie limb of 
tho Itibe, vihiUl iato the second limb of the tube & (ilatiuum 
coniiocted with tbc other extremity of tho ^van<nnctcr, t» pit 
t)ic pbtinutn will unite with the tiu with luoaudcK^mce, but 
tlic lir^t niuni(nit of contiict no pi^rmanmt rUrrintioii of 
mugu^ic nitxllc? will he olmerved, althotigh a bmk cbctnica] 
iff conliitni'd for a^rveral fteeonibi. A soltition of tbc civincub 
bodied, rhloiiiie or Ijromine, wlicii kiaed a^ tli« liquid Ix-twem i 
plaiee, altliou^cb it act^ puwcrt'uUy on the xiuCt jiroducet bf 
mcMis a proportioimtc p>wcr iu the circuit. 

Ill order th&t the liquid ^nii pos#c«fe any marked power 
cxatitig voltaic action, it mu»t be m compouud fluid EUflcepti 
of den)n4K)Hitioii by one «>f the nietiiU, «ucb, tor instance, 
dilute siilplumcr hyclrocbtorie, or hydriodie ftcid, or a saliuc mI 
Bt«noeT auch aA chloride of KHiiuin or iodide of potmwium, Thut 
ncceefiity fur the eiaplayinetil of a coui|j<juiul li(|ui<l for tinting 
llic forei', ui>pcur» to aii^c froiu tbij mx-THaily of u pixniUju* polin* 
£ittioii iu the U4|Uid iu oider to enable ll to IraikMitit the vutiaic 
ftction. 

Indeed in nil Voltaic aetioua the tnui&fcr of power i» dfcvted 
by n polar iiiduene(\ pi'opn^ated through bo^b the Holid aod the 
liquid partiehw of the* nrciiit, nnd the cbniu of oouduocin^ malcml 
Tuuit hii 04>ntinu4nu thrtnighout, no tint the force ^lutll circmJa$^. 

TlikK procciui of iKikmutiou tntvy He eoncvi^cd to oeotr in Uiu 
folloviiig manner, urhieh oEIlt* nn I'xpliinntion of the mode in «bc^ 
the plntiinim (or the plati^^ of metid whteh i^orres^pontU to platitxua) 
may 1>c mpfiofied to act. 

^'hcn a plate of Kinc is immersed in a rompound iKjni^l, whiA, 
like n solution of tlie hydrochloric acid (H CI), ia eafiabii* of rbesd- 
eally a1tnc1i;inj; it, the mctat at tbc fiointa of contort Uxuttia 
positively clw'lrified, wliilst the distant portion bcooniea turicBlii 
llie layer of lii^uid in contact with tlic xinc undctgoea pol 
which afiectB each molecule of it^ chcmic&l coiuititueut& ; the | 
tlcles of chlorine l>econie negative, and the partideft of hyilr 
po^tivej but in this form of the experiment there i« no cop 
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nie^lion Ix^twwm tlie uogntire jart of tho rinc aikI the potfitivclf 
elcictrified j»irtid«?A of liyiirngi-nj conm^Tiectly bevond ttio pro- 
dnrtton of l}ii« tftAtr of rliX'tric tcunioi), no cliange ensiira. 
Tliis coDilitHm b reiirenc^Dti'd in fig, T71 (1). Bnt tlu* cam) 





IB entirely nlten^i if u. plot^ of pliktiimm, or of some oilier 
metal which ih not cojuXy acU^i U[h>u by t>ie ^i(f, l)c intro- 
ducnl, and mad« to toiidi Lli<! cine. By contort villi thu ma^ the 
platinum itfictf Ijccomcs polarised ; it im|mrts a ccTlain amount of 
pu^tive clortricity to the zinc, and receives a portion of nGj;:atire 
ill nnuni, uid tnuusmitti the poliir action to the liquid. A cbaiD of 
polarb^cd pGurtick-« vs thus pruduccdpov reprcKrnted in li^. 171 (3); 
tJic rhlorinr of tliu |>iirtidc of II CI iit.arc«t the miit W^odk^ 
acipttirc under the iii^iicncc of tlic clicmical nifinity nhich cii»tA 
hctwiy^n it and the ziiiCj and tite hyilro^cn beci>mcs poaitivoj tlic 
aocoiui and third purtidoa of H CI T>tfooin<^ oimilariy clLsrtriHc^l 
by iuduiotson, but the plutiiium, under the iniliicncc of ihc indue* 
tion of th« sine, bein|> negative, i8 in a i^^ndition to take up tte 
positive electricity of tbe contiguous hydrogen. The nction now 
rises high enough to enable the zinc and the chlorint? to romhii^c 
cliemicftlly with <^rh r>thrr ^ the (^hlnndc df jriin? tlinn pnxhKvd 
dnmlTCft in the liquid, ftnd in rcmovn) from further immeitiaCc 
action ; bnt i\\r. partioir ftf hy^lnijcen nearcMt tlic sine nov ftcix4« 
tbe oppof<itely eWtritird chlorine nhieh hcA ncnt to it, and a new 
portioii of ]iydro(,'b]oric iK^id \» reproduced, vhilst the hydroecn in 
tlie lecond partu^le of Uie acid is tranaferrcd to the chlorine of the 
adjacent particle, and tl*e particle of hydrogen which tcniiiu&tc^ the 
row ia electrically ucutralized by its action upon ibe plDLtinum^ to 
which it impui« its excels of positive electricrityj and immediately 
escapes in the form af gas. Frr^h particles of hytlrochloric acid 
continiully VLUpi^ly the place of tbotte which liave undergone de* 
oompositioii^ and thus a eontiu\M>ttr« action is Daaintained. Thus the 
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transfer of el«itricity from partide to p«rticlc of tlic? Itquu) h 
ftttntrtpd At the* Min^i^ inf^tnnt hy ft trAiufcr of the coitftittumts of 
the Licjiiirf i»i (ippfwitf dirpftions- 

Thcfit- clLnii°x'?t an? not stuxrcMUc, hiit are nmaltaneoiu in each 
verlirni Miction of thti liquul* ^ind are iOko fttteuded vrith correspond- 
iiL^ rhaii^^e.H ftt all i^oiut.f of tl&e entire circuit The» chani^cs wbts 
ooittinuctl uniutemiptedly constitute what ia conveniently 
6 voltaic cnrreiU. Tlvis tPnn, 'current/ is in ^cnfml u*c, 
should be borne in miud that it is in thi« K^n^ cmplciyisl mi'Trljr_ 
to signify the continuous tranemif^ion of force, not of nny mnterii 
aubstance. In vncry voluic cuny-nt it i* a^umed Uiat a quantit 
of nqfative electricity, &\ual in ainoiiiit to that of tiic poaitiie i 
in motion, h proceeding aloi^ the wire in a direction opposed i 
that ill which the positive electricity is craTcUing; uid it b 
ocii^L that by the perpetual separation and rocomlnnatiou of i 
Iwo electricities in the wire, its hcnting and other cfibcca 
product^. In order to avoid coofuvion^ however, whenever 
dirtctU^n of tlio voluiic cunrcct \* referred to, the direction of 
positive cnrrent alone is irdicate^l. 

The jtolari^tatiun of the lucrtJilUc and liquid partklea oomp 
a circuit, or tn oilier iturds, the oix'urrenw; uf ch^i^tric 
where vine w pWcd in ai: acid, previuiu to the completion oft 

voltaic Gurrcnt, may bo' 
Fio. 173. ahown by the followiag 

experiment, due to Mr. 
GavsiQt. A plate of plv 
tiuuna, r, &ff, i;a, aod >»> 
otlier of amalgamated cine, 
tf ajre immersed ui diltiCfi 
sulphuric aeid, and thft vin 
which prccnds (rnm rich 
is insulated and conne 
with the two gilt duki^ttj 
of tht' drciTOBtoopc, a ; 
di^ktt are inmlatctl 
each cthrr and from the j^mund, by the ^aA« Gi the apinrmtv; 
they slide easily to and ti-o in the fiockctjt, and can be 
nicliin a qtiarter of an inch or leas of each other; a 
gold leaf, mounted ajt in the ordinary electroscope, ia ansf 
midway between them ; now if the jH.»»itivc end of a Deheft pik 
(349), n, be bron^dit near the eap of tlic instninient, the gold iad 
will approach the di»k a, which is connected with tiie sine plate; th« 
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leaf bea>ni4M po«itive by incliictJon from tijc poaitivc C7id of the pile, 
ftud b Uiicrofi>re attracU,-(l by tlie nt<zHttvely clectrrficil r1i»k a ; but 
if tbe oppusile orul of tlw \ii\tt i>, wUidi U ohnnct^d with nc^ive 
eleotrictty be pre&culed, the ^tld UW liet^oincM ni^^tive, aud is 
■attnctcd hj the jKnitively clectntied dl^k d, nUicli ia in coit- 
noxioa with tbe pUtinuEi |jate, 

(218) Energy uf 'Af Current l^roporlionaic to the Vhemical 
Activity. — »Iii onior lo )jrodiicc a current, llio two mctaU wliich 
are rruployixl muat be acto^l upon by the exciting liquid with clif< 
fiireiit tU<gTC(.<« of m|nilicy : — tliu^ wbcti two siniibir slips of xinCj 
or of any other mctiU, arc opposed to uat^h other, no c^jrix^ut is 
oxcited. Tbe £:alnmic Qctum u» Ktroti^-at betweeu two roetoJa 
upon Khich the clienucal a^iioa of tbe oomponent^ of the exciting 
liijuid di^erv moat widely ; for, from what has been already tfttated, 
it b cvidcoit ihsi two scnpa of siuc would tend to procltice polari- 
jMtiou, »id «uW*ijuetLtly eiirivuta of ct|ual iutctuity, in opposite 
ilirTirtioDx, iliuI tbe tno nould ucco^aarily ui^utrnbzc CAch other. 
Whcji icinc is oppw^id to tin, a currcat i* produocil, «ctling oat 
thri)Uj^K the li<|akd from the eiuc to the tin ; xmc and oopjxr girc 
ri^te U> a stmugcr current in tho wiinc- (]iro<^tiun, nhiUt txrtwcmi 
aiuc Olid platmum tlic currcut ia still mons pf>werful ; attd between 
potateiuni and {lUtinutn thu mrtion Mt^iii-i it^ nin\iinuiD. By 
formiug An amrtli^m uf pouintium, tbiv bi'it ineutioiiod expenmeiit 
admits af^ttny performauee ; for it hskn been fonnd that the toltaic 
IvliiticKiK of all amalgsniPf are the suYiie ns* lho4C of ihcr more 
osidiKttlitu m?t»l which they contain. A good dcnl of |x)ta8^inia 
U otidiicd by what ifi trrmivl heal action, without ooiiln)>nting in 
any wmy to the production of the carn.itit. The distinction be- 
twocu local action and action which c<intribute6 to the voltaic 
effiert ia imporiaiit, luu) may be iUu:ttniteil by the dlferenoe in 
action of diluti^ iiulpbune mrid ii|k>u a tilip of onUnary xiuc and of 
a slip of zinc from the «ame ahcet vhieh h^ liccn amalgani?iu^ : 
ii the first case rapid sohitioa of the metal nill occur although tho 
GODuexiou with the ptatiuum plate may remain iucompletc; in tbe 
WGOod, tbe tine will be attacked only viUi'U the circuit Lh com- 
pletc<l j but the unuoialgamatcd sine will produce no greater voltdo 
elTcct tluLii an ixpial vhp uf the metal which has been propcdy 
amaigaiuatetL In no inHt:iuce i^ the fierce in circiUaiion incTi^a«e4 
liy tlie local action ou the plates, urhate?er bo the natmu of Uic 
metal. 

Professor ^Alieatstone liaa devi^ a metliod (340) ofmf 
the amount of the etettr^-mothe fQfce, or energy uf thf 
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power, prriduocd hy imy combinAtk>n ; iinJ lie hnst l>y tUu nmiJ 
proved ronrliiifircly lh»t this eiuir^ dq>eDd» ii|ion the inUtuitf J 
of the difiniail action U-lween the eleraenta of the liquid, ifiil| 
the metal!* whiclt coiii|)oc*c the circuit. He has ehowii tlut ifj 
three of thcne diiaiinil&r metala be taken iu their electrical i 
and be fitrmed iu ]>airH into ^eparuto drcuiti, the force 
by a coml)iualion of the two extreme mctaU of the «Ti« i» cqiul 
to the sum of the forces developed wbcu t)ie intcnniHlijit« mi-ul b 
separately cambiiied uith cftch of the other tuo in ivueofsaiom 
For inimiplc, the voltAic energy, or eketio-motive force, etdbed 
bctwi^i plalinum and an ajintlgum of potaiuium may be Ttp^ 
senied hy the number 69: Uie eloctrcKUKitird force l>et«ccu 
platinum aud ziuc, exprettsed in terms of a similar standnrd, iaJ 
equal to 40; and iu a eimilar experimcut between liiie and put 
aura, where »inc acted the part of a ncgati^'c metal lowttrda ' 
potaasiimi, the number obuiiiicci was 29. Now 

the amount of force iK^twccn plntinum and xinc = 40 
the amomit of force between zttic and potaN^um = 39 

tlio two taken together = $9 

aiid thin numWr, 6tf, is idctiti<ail with that olrtAined by o| 
platiiiutn to the amul^am of potn^ium. 

(129) Dirccthn ^f the Cnrrent De^^ttd^TU on tfte I>irfcti«t 
the Chemieat Artion. — In oU tli«86 ea^es the positive rle>etnal; 
«at« out &om the ntore oxidiiable metal, whieh mnj \tc 
the jxMitK'O, or f^euoratiTig plitte, and tnivcrM!^ tlic liquid tovft^ 
the lesH o:^idiK!ibTe metal whieh form* iIh» rwrgiili^t* or f**MidHrtiiHT 
pintc: from ihc eoiulunitig pjnte tlir force i* trunsfe-rrcfl to 
wire, and thence in turn to the geiieratiug plate; tlius the cj 
ift eonipleted. Unlc^ t}ii« circulation atn take place, all 
phcnomeiia of voltaic action are ttunpended. Since the chemi< 
aotinn of any ooutbinatton la thiut always ia ouq uniform directioa, 
the motion of a mafiinette needle under its influence is equally 
uniform : ll»e amount of foree which is thrown into cinrulatioa, 
whether it bo nieastired by it« mo^etie or by itn healing eSccU, 
U {jroportioncd to the cjuautity of the positive metal which U iti^ 
fiolveil in a ^vcn time. 

Kver>- liquid which thiu acts in exciting a voltaic 
may t«« rc^utlcd nt^ eonsistin^ of two groups of »ub6ta1lee^ one 
which att^kn the i^uenting or positive plate, and may be tenni 
the elcctro-nej^ntive constituent of the liquid, whiht the oiher 11 
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BfeiTcd to the conducting or negative plate^ and constitutea the 
tro- positive constituent. 

The elementary bodies have indeed been classified npon this 
xaple into electro-positiTe and electro-neg&tive snl»tances; 
rogen and most of the metals being the electro-positive ; 
^n, chlorine, and other substances of this nature being electro- 
fttive. In the foUoviug table the more important of the 
aents are arranged in the electro- chemical order on the au- 
ity of Berzelius. It has been remarked that the more strongly 
tro .positive metals crystallize in forms belonging to the 
liar system, whilst generally the non-metallic elements, and those 
als which are most electro^negative, crystallize in other forms. 

Electro-chemical Order qf the Principal Elements, 



Electro-negative. 

Oxygen 

Sulphur 

Selenium 

Nitrogen 

Fluorine 

Chlorine 

Bromine 

Iodine 

Phosphorus 

Arsenic 

Chromium 

Vanadium 

Molybdenum 

Tungsten 

Boron 

Carbon 

Antimony 

Tellurium 

Titanium 

Silicon 

Hydrogen. 



Gold 

Platinum 

Palladium 

Mercury 

Silver 

Copper 

Bbmnth 

Tin 

Lead 

Cadmium 

Col)alt 

Nickel 

Iron 

Zinc 

Manganese 

Uranium 

Aluminum 

Magnesium 

Calcium 

Strontium 

Barium 

Lithium 

Sodium 

Potassium. 

Eleclro-pontive, 



It is probable that the order here followed is not exactly cor- 
Fluorine, and chlorine perhaps, ought to stand at the head 
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of tho Unt ; umI tti«re U do doubt Uiat hydrof^en ftJiould staiwl much 
nearer to potaMiiicn ; it is ]0>4o oerlniiv ttint t1>e deucntA do uot 
uiid^r nil circQtrtftauoaa mniiitain tti^ wtme relative order, but thai 
in pArtunibr caaea tlie order ia ^tcred ; for entople, in atrong uithe 
acid, iron is ncuily aA cloetro-nc^tivf^ as platinum : a tnctAl may be 
ctcctro-pouiivG who'll it fonoJi the bnec of a salt, but dcctro-bfin^ 
tive wlii!n «s«ociftti-d with the elements of the aicid conntitunit : i4ill 
tUt^ g:cnenil iLrriLugcnivnt i% tim-ful, thou^ the (hAtinotion of liodie* 
into f li'Clr»-iM^itiv<^ and (Kx'tru-iicgative ia not abw>hite, but vactttj 
tflalive, tlic clai^iiflt'auoQ in tlie table beiiijc regartlcil as indioatitf 
that those bodies which stand first on tike list are electro-iK^tifir 
vtien associated m combination with tliose tliat foUov tbcni. 

The rdiUiTe siko of the Riincratiog and conducting plate* hu 
no influence upon the diriXTtion of the cnrrcnt, which f^tn in u 
DTTtainly through the liquid from a ^qnarc iiu'h of xtne to a 
aqiULTC foot of eo|i[>er m from a F(|itare foot of zinc to a sqtian 
inch of coiij>er, 'Hie aprt-nd of tiii« force iwar be traocd in aa 
intereacing manner hy aubT^titiitit^g a M>tution of atdphate of eofi|icr 
for aulpliunc aeid «a a part of tlie eliciting liquid; «>p|icr ^ill be 
tbrown down imuad of hydrt^eTi, and bj its colour aod thiduuv 
will very aeeuratcly indicate the cxtcrut and direction of the nctico. 
The experiment ia cJL^ily made by talcing ailnintagc of a proprrtjr 
powwiuHtl by jToroun dinphmfputt^ in couac4]ueTiec of which^ a |ri«» 
of any animal membnmc, or of unglaiwd eiLrtlirnwtire, which na 
bo tli<:ruu;;bly wetted by the hqiiiddt, will allow the curreat Ui 
traviQrao it without opposing any material ohntruetion to tto 
paaao^ Diluto sulphuric acid mny thus be employed upoo <«ia 
aide of the diaphra^n. and a -solution of aulpLate of copper npoa 
the other aide: under the«e oircumatanecv a ciirreol would h« 
freely transmitted, whitsl the two 1)(iui«la woaM 
}Kt |irov3nted from iut^rmiuglirg. For rxamjilc, 
let a piece of bladder, A,fig^ 173, be tied iinnly 
orer the lawer end of a wide* tube open at both 
e:itrnnitiea; plftce aomc dilute aitlpburic aciit 
A, in tlie tube, and anapeud a rod of atnc, 1, 
in ibt axia ; aiip{K>rt the tube so that ita lov 
end •'hall dip beneath the surface of a aoltt^i 
of [rul|j!iale of a>ppcr, a, contained in a 
glnaa dish, upon the bottom of which rcata a aheet of copper, c 
oil con]>cctiiig the ainc nud copper by the wire, v, voltaic 
will ensue, and a dcpo!<Jt of metallic cop|>cf will lie [wodi 
upon the pUtc c< It willj however, be obcpei'ved that iIlik dcpORt 
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does not take place imibnnljp over the buHaco of tbo >hect c, Imfc 
that it assame^ ft ciroitlar form ; the Iftyer of ooppcr b thiclccttt at 
tb# point iiiime^iBtety heih^atli the ^xfreniity of tbe ifiibp rocl, aiul 
it gFflilually becNifnPA ihiunor tGirarH» the HrL-iimfcrehce of the 
orclo, whidi, liowever, continues to increaflc in fUameter aa the 
eipcrimeot pnwcrds, until, if sdfficicid time be alloved, the plate 
b Covered with roduct-d copper* 

Whilst n metid i« ttiit« rcudcnKi dectro-nc^ttve by roltaic ac< 
tioQ, it iH UQ longer liililc to the orthnary iKrtioii of chemu'jil agents. 
A beautiful ftpphcation of thi-H priitdple nrnx mEL<li- by Sir 11. Davy 
to tbe prerentioii of lUe corroni<ku of tUo ci^per alimtbiiit; of dups 
by the action of («a wnter. Copper is the material beat a4la)>tecl 
to preacn* the tirobers of the ship from the attacks of Diariue 
iisoct« and borin;* aiiimiJs; but this metal, irhcn subject cjI, imHet 
ordinary cLrcunBtanc^, to the combinrd influcuce of the «altJi di^ 
•olvod in «ca water oud of the atmowphenc air which it oho holds 
in solution, cxpcricnccss corronoii, irhich in the cotirec of n few 
jfe«t« rciKtent it D€oe«»ary to reiww llie coi>p(*r. It wan, howcwr, 
discorcrcd by Davy, that by placiitg pieee» of xiiic, cr of &i»t-iron, in 
contact with the enpiier under water, tim eorroeioQ couM be |uro- 
vet]te<l, aud tliai a surface of ainc, not eicceding rhi of thai e\[X}fl«d 
by the copper wa» atlequatc to the eutlrc protection of the copper, 
the whole of the chemical Hction bring tr^Lnsfcirod to the tine; 
Miul that c^'ca when tht »urfuev uf tiiic was reduced uutii it was 
only o^ual to rAri of that of the copprr, a coti^itlemblc prcscrvBtivc 
eSbct wsiS cjipcncncnL Ihit ttip Tcry *ucccsw of the experiment 
in the direction mtioipntttl, ercati-'d diHlcuIticff of anothrr kinil; 
earthy matter*, couustiDg of eompomidA of limu and mtt^eoia, 
were dcpOAit<^ from the (u!a v-at<rr by the alow roltaio aetion, and 
th«3P nttaolicfl tlietuflelvcs to the surface of the copper ; weedi and 
vhelUfikh lonnd in thii d^poait a eougeuial pabulum, the bottom of 
the fthip lieoarue foul, the miUug qnAlitio4 of the vi>94c) were neeGs« 
sarily iuijaired, and the syfttem of voltaic protectors wns aban* 
doui!4l. For soiTM?> ypstn pA«t a kind of brass, introtlnrrd by Mr. 
Afnntz, whiek admits of betii^ rolled whiUt hot, hstA, in the mow 
chiL&t EC'r\ice, been h&rgely nnd iidvAntAi:i.-ciii?(ly ftulwlituted for 
copper as a material for aliips' alieatliiiiK- Iti thin case the dnc 
nnd the copper air (Combined in the Mieet itself, whii^b is less rapidly 
comxlul Uuui if com|iowd of either metal &c|iar&tety. The pro* 
tectivo inrlucnce of sine both ou copper and on iron is readily 
t^honu by exposing brij^ht bun* of these metal« in ^parafe vfs«-N, 
either in sea water or iu a mjlutiOB of oununou suit coutaiuiug aa 
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oanoc of «a]t in cnoJi pint of wAl«r. If a fragment of sane ba 
attsirhi^l to nnc of tKc ban of co]j|>er antl to one of the Imta i>f 
iiuii thi?*«' }>u» nill mnnin brii^ht, vhilut Uie ^lu* U rorrcKl<<d; 
bat tlie luiproti^ti^l ban iriJI, in a foiv faoim, give eridmictr nf 
oommenoemcnt of ebonim) action. 

AoothoT n>markaliIo proof of tlie dcpondonoe of tbr cnrmt, 
for its direction and itn force, upon cbcmical ftction, \n AfTnnicd 
the manner in vhirb & voltaic circuit maj be pnxlucctl between tin> 
siirlECC«. one of n bicb bits a stronger atlinity for Ay/Zrcnprn tlian 
otber poAsessGs. For o:cfiniplc, vhcii two clean plAtca of platiniUD 
arc immcrHNl in dilute acu),niid connected unib ii fmlianorocter, m 
voltaic rM?tion U cxciWhI ; but tbc ciwc im dintT<-iil if one of thne 
platcH l»c fintt coaled ^ith a film of Homc metallic perosjde, ftud ti 
peroxifk^ of toangnneM^ (MiiO^), pei-oxidc of lead tl*b(Xl, or pcroiife 
of silver (AgOj)- The plaiiimm plato may be thus coated br in- 
mcrsmg it inabolution of eulpltateof maninuicscrof nitrfitcoflod, 
or of nitrate of silrcr, and connecting? it with tlic pintinuni n4e 4f| 
ft veak voltaic arran^^cnient fur a few miuutcv, uliiUi the lit^uid if 
connected by a w^cond plntc viith the sine cod of tlic batter; : tk 
pIMe thm prepared, atW it liiw btcn wcH vrubed with di^tiUd 
water, nbeii oppo^ird to n plate of cle^i ptatitium, and immerKd 
in any dilute arid, uull cnfnnate a current which de]ietids upon tto 
atBnity of the bydro(ren of the dilute acid for the second cquivvli 
of oivgcn in the [icrc\ic!e. In n combination of tbis [lc«CTipi 
the clean platimim becomes positin:, and corresponds lu \\k mc 
plate, vbtlbi the conti.<d pUtiiium becomes ncgntirc^ Tlic coatol 
plaCe, hItLoit|;1i nc^livc, tliii« lit'ctjmui llw gvoeruting or 
snrfaccj lu^d tran^mttv t]ic eorrcol: at onco to ibc conductii^ 
wire. 

Farndfty has «hi3wn that the direct contuct of diavmiilAr 
laetala i» not ncccAcMuy to the production of the voltaic cunvalt 
provided that they ore ccimieelcd by bonie li(]uid of mflicicDt ecu 
ductinf^ power, Tliie is a point ofootuidtf< 
able importance, as it ahcwa tliat Volta' 
theory of the origin of the force, which ia 
m^intaiacd by many philosopher*: who ba\« 
made tlie clicmicnl ph^omcna of the pile tli^r 
es|>ecial ^tudy^ !« ddident in accuracy. The 
follotfini; i^ the nniple expennie4it, which itoto 
the point now mtder diwuaaion: », ^. 174, 
is a plate of zinc, bent 6t a ri|cht anxle ; Pi 
a pUttiniun plate, to ivhicli a platinuin vtirei 






Fin. 174. 







rt»ctTiT( iiriT« oxc MtrxL AND ?iro UqilDA. 



8» 



aitachect. At a, a mdaIE fm^cc of blotting r>pcr, nkoijitcnrd with a 
Milutiou at vturch uuJ iodide? of potwaiiuu, U iutcritUBtMl fjettrc<-ji tUe 
l>Jiite i^ Ktiit* by wKit^i it u aupporbed and the platiiiimi wm? «'hic)i 
nata iipoit itf no oliaage ooeiirft in tlie tolutinu of tlie indJHe 
uutil the two pl&tei ^re immersed in dilute nitric arid ; but in n frvr 
iBinutcB after such imm^^rsiou, cvidiMicc of a currenl in the din^c- 
turn oS the arrows is ftffunlcd, by the apiKranaicc of a blue siiot 
Bgaiast the plfttiiLiun irirc, iim^ \o the libcrntLoii uf icxUuie, fixim 
the divompcjFitioti of tlic ialifle of |>ota«aUDi by the voltaic 
ikctioii. 

(230) CtrcuitM with one Mtiui and two Liquids. — For the 
cvtnblitihmetit of a voltaic currnitj it U fiu'lli<!r hfci^Hjiry ttuit tlic 
body which dco^mpoees the litiuid be a conductor of eicetnnty, in 
onbT to carry oS the force ^-lurnitcd ; but it ih Dot Ddcc^^fiory to 
luc tno dt&^imilar iucUlU, provided tbiit one cxtn-nut}' of the mdal 
he {ilimi^l into a litjuid cnj>iible uf acting on it wliiItU tlu: other 
citivmity dip* into a diierem liciuJd, whiHi ba* little or no Eiction 
on tbo motid, btit whioh commuiticatvH frivly uith tljo 1ir?vt lupiuL 

Take, for example, s. tube beat ii)t» the form represented in 
^?' 175, I. Place a phi^of tow incbcb^ud; into one limbffirPO>^f 




n fkoliition of cidondo of eop|>«T (Cu CI), in the othor limb, 6, plae« 
a eolation of common wdt (XaCI) {chlondo of codium). CoiuMct 
thc^ open niu^Ai of thp uthc by beiidinp^ a fttrip of ro|>piTr ho that one 
end of il shall dip into the M>1ntion of eoppcr nnd the other 
end into llio solution of salt. Oystals of roppr will form 
graduAlly upon the end of the atrip whidi in immmied in 
the metallic Bolntton, whiUt tbc nid of the atrip which ih immrrerd 
in tlic Mdt and water will slowly be corroded, a^d chloride of 
tx^vpor will he foruied. Tbc lolbvring diagram may aMost in 
CKplaiuing thi^ change : — 
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Let tHc vymbo) Cu CI n-|tmient %he combuiation of clilondl 
of <*opp(-r, Xa CI that (>f ohloridi? of todiuts, the Ibio at x 
lued to iih«w tKo |>oMitidii of ihe pUig of low. If No. i iiidk 
the Mate of tliingH hefore vny eban^ ha» ocavred, No. i 
TGi^redeDt the cbftiige after the circuit is complota 

(k) Cu I cTn^cTci I NrCLyTc! [ Ctt 

(a.) Co ] Cm, cTc^, 5~|~N'fl, cTn^, cTc^ \ 

If the irtrip or copper be dirided in tbe middle, iind tbe ttd 
endji be conncoicd with a galvaoornetcr, aa uliowu in tig. I7>i, 
i current is found to be circulating through the apjttratiu. A itilj 
Bimplcr arraTi^cmcnt may be adapted; if a loag fttraifht tube tej 
lilk'd half full with dilute 8ulj>huric acid, and tlie jreiuaiuder vitk] 
a KOlution of sulphate uf copper^ a strip of copper plunj^ intoii 
ynU\ he di:<»otrvi1 l)dow^ wliik an cquaJ aiDoaiit of copper will hej 
dejiOHiK'fl 01) tlin upiier extiVDuty ; fixmi ttie ntrcmft stovmon ndj 
TC^alarity of tlie action, iW metal will auMiiinc the form of « 
M. Beoqaerel, by uaiiig various liqnidsi in tbe tvo limbi of Ual 
tube, bad obtalitf^ many of the mctala ciybtallix^ in fonnt dJ 
grcral beauty* 

hy employing two diMiuular nictala hi tbe metallic arc, as r t|| 
(fig. 1 7j, _)) a more povFcrfiil but cipuilly rc^tdiu' tLcU;>u itiaj- \k at> 
catcd- If a ^oliition of common iwlt );c placed iu ouc limb, h, avl'l 
a MdutioQ of protocbluridc of iron in llic other, a, vhilat the att 
end of a compound arc of aiiio and platinum i» plouged into tbe 
first, and tlio fttnp of pUtmuiu is immervcd In tho nccond Uquad, 
totralicdrat crystals of iron will iu a fe^ daya be dtTp<wiicd ujoa 
the platinum. If a litUc ehbride of iron be mixtn] with chkyide 
of xin'tmiiim. and Hiilistitiitrd for the chloride of iroti ui tbe liuli 
a, pljLti.'--« of JiimniiuiiL viU Iw obtained of a Hteel gny oulnnr, nd 
vkich, by ex|KUure to tlus air, ntidixe aiid fall to a white pomW. 

M. Beapiercl hai ahown, that vrithia tlic strata of the earth 
aimilaj actiou8 are ffoinj; on ; aud Mr. Fui aiul otluri, by co«nfrt< 
iofft by wirca aitaclicd to a galvauouicter, tj^e Kurfaue* of ivo tn^ 
tiguon^ lodc« of metallic ore, have succecde<l in dt*moa«tnitiug to 
tkc ey€ the cxi*teijce of these foehlc but coutiDuoaa current* vtkidij 
are prjbably the cau^ of tlic acciuuidation of tbe ilill4rmil| 
metala in regular bodd, and of their beautiful cryvtalliue ananfJ 
ment, 1 

Other combinations may be produced, ia which the mot^ 
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'tetion of the two Uquids origiiititra the current, the metal nienel/ 
ICtiug n* a conductor, M, Bccqucrvl wm tU« flrit lo jKWnt out 

iBciuLs of olitniiiing clrcuiu of lhi» dcaHrijilioD, of wUicb tl«u 
u « good c^LnmpU: : — If & •mall porous rc«cl be flUcd 
'^Witli tiitrio acid, lutil be unni4fT»cd Id a Bccutul rcHncl conUuning ft 
,atioti of pot^ub, on pluof^lu^ two platinum plaic* connected 
;k iht wim of a ^vauoiaetor, ouc uito the DL*id, tbc otiicr into 
tbt fdkzLlini^ Liquid, a vteady current of oonbidei'ible iiiK^nHily iriU 
be prx>duccdp ftud will bo mnintaincd for many diy*, in a diroetioa 
.psMiag from tb« potAJib to the nicnc iLcid, ftnd tbence retunuug 
tiirongh thii ^nlvftiKtmirlrr to t1ti< nIknJinr liqiiiH, Mr. Arrott 
(PAiV. Maff, xiii. 417), hJW dftiK-rilit*d a varidjr of <rthcr c.a;w« of ihu 
kiod. Theiw actiooN, lioweTer, vill lie mnr^ rtuivciiicaitly Rtudied 
in ci^mcxioii with the cliemicaJ ef«cla of tbt voltaic battery at a 
.future pui»t, 

(1,^0 ^'4) The oondidona neccasary to tlie production of a Toltuic 
ouTTCHt m:iy be fihottty recapitulated as foUows: — TIiobkIi Hie con- 
tact of difiainuLor metaU produces electric disturbance, cltemical 
ACtkin a mcewaiT to propagate tbc wltaic current, Tbis cbemical 
MtioD nitwt E)C t)roc1uciHl by mcaii* of a caui|K>ut]d liquid, wliich ia 
decocupoacfl iii tlic procfn, mie of tbe oouMitucuts of tbc litjuid 
entenng into corubiiuLtioii nitli one of the metak. In the trans* 
miwii^m »f tbe ^-oltAic j>ower, a polariuitioD of Wve ]l(\\\U\ hjp well aa 
of ibe aoUd purtious of tlte circuit, is produced, and tlii» |>ulariza- 
i^cni of tlw liquid ia attciuled with tlni separation of ita coutitituenta 
into t^'o ^njup?, ODC of trhich mutes with tbc positiii^ metal, the 
otlicr iiiakca its ippcaiaucc at tbc nanic moment ujiou the negative 
ylatc^. The activity of the comhiuatloQ, or iU dcctrtv-motire forco 
to IfToatL-r, thr f^nailcr tlie ditr^n-nce between tlie cbemical affiiuty 
of Uie t-tectro-ne^iive oonstitueot of tbe exciting liquid for tbe 
two mci^d^ vrhicli are opposol to each other iu the particular cum. 
Tbc rcrbktiH^ mxe of tbc plaica cnployod baa ud ijiducnt^} on tbu 
dtrcclioii of the current which ia proiluccd. CouiocC of Iwu 
BCMtafe i« not nccdwry to tbc pvodaction of voltaic aciiou; cir* 
oniti may he formed between one mctul and two lu^uida^ if tlic 
lii{uidii bv in Uquid connniuuicatioa with each other, and if they he 
tmoqual in tbdr cbcniiouJ uiBnitioa for the oietal. It ia ercu poa- 
sibbs to obtain a currrrut from the mutual action of two dtaiinuJaT 
liquids, if thote bquids exert a chemical action upon each other, by 
OOdLneotiug tbe li<]uirU through the iiiter\'«ntion nf a metal upon 
-wtiicb they exert uo ebcmiral iuflnenpc. and which therefore 
fiitnply performH the part of a conj)uct4>r. 
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Difftrtnt Forms t^ the Vottaic Battfry. 

(a^i) Cotntieraeiirtff (.\rrtrHU : Gaa Battery. — We aliall 
mitnae the oonttiileration of tlicme forins of roltaic coniliuiAtuo 
wli^h \tc i\\tt iTioM important in pnu?1>ee, nnd in whicb, geuenDr, 
two duAiniilnr mr-lnU ftrr miplnvDji, j 

It hAfl bcni alrrfldy F^taird tb&t tho &mount of forv« MtjBfl 
motion ill n ri»1tAic arrii>»^:rmnU> dcp<.tKl» upon the diffcrtrtuv Id. i 
twcrn the ufliiiitj of tlitr twu nK-tnli^ for the iichvc principlt or 
Yttdictt ijf tht; Acid. Under dTaimHtaniHwfiin>urahlc to tlu* p^)d•^ 
tion of a current, d«?ODi|ioaiuQn of ihe liquid vi\%\<\i esiciUM tik 
action alwavfto^xnirej the clcincntaof th€ li<|uit)arc .te|iartitcd &qu 
eacli other, and l\m- citlacr combiuo with the iDCtaUic plate, <r 
dne they acm mil Ute u|ion it« siirfac<c. TbcM! adlkcring ml 
oppose tho Toluic actiim ftiid <-nftThJc itjOiring to the ICDdcncf 
the M-parati-d com[ionentbi of Uk^ fluid to re-iinitt. Tliiw, vlicn ililulr 
ndjihnric Hcid i& um^, it tjeronieK a deHideratiui] to gut rid of 
liyi^ro^n which adheres to tite plflitimiUr and pax)duceA a curtmt 
the o]iix)6ile direction. The exirtpaicc of tliis coimtcr-ciinvm tax 
he reiulerctL cTident by connwtinf^ with one end of the wirr of % 
l^vanonK^ir a plutijuini plattr, which luw k-cn thus oppoaed tc a 
plate cf zinc: on uttfu^hinf: Ui the other end of the ^^-anotaMT 
irfre a t^h'OikI, but eleiiii jilatiiuini pUttr, mid pJnopti^ both into 
dilute acid, u jiuwtrrfid d«;llrctioij of (Lc nuctlJe will be obHrrviid, 
Air, Gn>vc Uiu» ingeniously nppltcd tki* 
obffcrvatioji, and hj oppuaiiig a plait? toiTrrd irth 
osjgeii to tic plate uoalcd witb hydn^ctoi, vili^ 
at the mmc time lie incrcasod tJir Hurt^iicca oTcdik 
tact br^wocn tbci platinum and the o^rgcn B)d 
hydrogen, he ho* oiwittmctMl what ho tcmi* a jw 
6attprff. Fi^. J ;6 r(f|iiv*oiitB a cell of thLa tntli^. 
It oonsivtst of lun tubts, o ui<\ n ; ilux>ugh xht 
Tiji])pr extremitiea of emth U H>ldejvd n pl^imiPi 
wire, to vhit^h in attachril a platinum platf «iiffi< 
cicntly loiig to reach to the bottmn nf tJic tub. 
^'be surfaces of these plates are coitt4*<l by noam 
of voltaic nctioi> with finely divided pUtitnim, fa 
the puriM^c of imiTuin^ the aurtaces of cocUact 
bettrecn the niHal inul Uic gaa, llic tube n hat 
double the capacity of the tube o. These tubei 
are supported in the xc&tteX a, by tlic pltig; tlcrotigli 
which they |ML6s* In order to use the appamtos, the vonsel i b 
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[led witb dilute etilplninc ftci<l, and bv inverting: tlio ocll, the 
ilbuA nro IJkcwiw ftllcfl with the Hquitf. The tuboi o tuA n nrc 
bco cnnincolcd Hy the nicrcnry cnp* at top with th<j wires of n 
oltuc! hnttOT}* in «cci<m> «o t}iftt by the df^omposition of tlio cliJute 
ci<l iht? tiilM* n »IulI1 Kocomo filled with oxygen, and the tuTw ii with 
ytlro|^*ii. The tnl.iCT hadug been thus filled, tlio Iwttery wires 
re withdrawn. If the mearcitry eup* nt the lop of the tnlM« o And 
I Im* now r*inn*»eti**l with the wirca of a g;filvrtTiomrt4^^ p^werftil 
fcflection of the needle will he produee^l, aiwi a current will be 
ttAintwnrd dmitigh the appAnitud in the dircetion of the arroira, 
nic tMO gn!(e« nnll ^rndiially diraiuUh in hii)k. Eind nnll m a fc« 
bys entirely diMk[q>ear, hut the current Viill be muiutaiaed no [od{* 
B my portk>]i« of the ^aks remain unccmhiucd. By conuc^ting 
itfht "r U-n ci-H* in siH^^eswion, so thai the oxy^n tube of one 
ell »)i:ill he ix^tmtMTted with tbc hydrogen tube uf the i^joccnt 
ell, iqKirL» mar be obtnined between cli&reoal pointu, nnd vurious 
heniieAl dcK»mpo*itions may he effwTtixt. The poW cliain by 
ihieh ihcwe eliaiiges are pro<Uieed, umy ihiin be reprewnlwl hy 
irmtiols: H, SO4 imlicatiiig a moW-ide nf dilnte acid, and H 
6[»«Kutiiig tike dtsCurbing mtiH'ulc^ of o>:v^i and liydrogai. 



H, SO^ H, SO4 H, SO* H 



Tl>e hmckrt* above the row of 9jnibnl« are intended to ehow 
fac iQoleniUr armnf^ment Iwfore iho eircuit i» completed; thoAC 
Nmmlh the i^jnilvok »bow the action dnriiif^ the poevci^ of the 
^roiit. 

^■Bince 110 action oeonr» in the frtift battery until metiUhe coni' 
nnnieation Wtween the [ilMfrH ia elTectcd, it Ap^ieani that the use 
\f tlie pUtiiiuin phite^ conHtatA in favouriii;: the neticu, by eon- 
tenMiig ilie gottes upon their porons surfoceH^ and in acting as 
lOuiltieiOR* of tlie current. 

It may iudeeti he stated ^lemtly, t!i»t the aceumulutlon of 
Qtlier of the eleuieuta of the irxt-^ttuj; liquid ujMjn the inetullio 
hliltea of a loltair omdiinalion, filway^ tcuds to i^rodutx' a eoiiuter 
Wttait, and thei'i.'fore ri^ductn the cttio^otiey of tbc' et>uihiii»tiun to 
i proportM)tiat« cs^tetit- Hydroi^i^i i« the clcmcut wbich, in tlie 
usual (riodc of cxperinicnt. prineipnUy a^'c-uinaktcv ti|>oii the iie^^ 
[tve plute, Tio ihsl any e^^ntrimnoe hy nlilrh iho Atthering hydroj^eii 
ii tmioveH, c\altJi th« onei^y of the circulating foree. Thia retooral 
E>f tltc hvdpih^u mav W eflWrtod bv nie-ani* which net either on 

aical or on meelianieal prini^iplc*- Tlvc cheinieftl prtnoiple in 
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Ag Tnotii perfect. It con«iftt8 in adding to thrr Itqnid a nompoottl^ 
vhich liAA A teiidcncT' to unite wilh tUo hydrog*i» ; bi'iirr ilifl 
energy of the currenl is much incrvftscd hy mixing m litth< tiiinc 
add UO, NOa with the caciting liquid, comparativi'ly UtUc hy- 
drt^en Wng set fi^cc.*^ The sfljue cod is Attaiuc^ hy tiddiDg to the 
lulphuric acid, a golution of some of the metallic satlTt, such, &r 
instance, m sulphate of copper. Scarcely toy hydrogen U in 
titbcr of these ea«es given oS from the ^urfuce €f the eouilurtup 
plate When suJphate of copper is cmplf^i-d, mi-tiiUic ooppan 
dcpo«iU^d, whilftt the oxygen and sidphuric acid with irhich it tai 
prcviatuly united, comtriiic uith tlus siuc. A disadvaiit^gi*. Um- 
evcr, is cxpvri(.>uced when the liquid which aUiHi* tbe bydro^en 
u in cantact with the xinc, aad tlii^ is purticokrly evidenced «ka 
sulphate of cojipcr is ufc(l< Ttie xinc act* at once en the solutkm 
of copper, wid bwscmc* coated with rcducid capper; hence in- 
nutiienthic kiujiU cirnnti« arc produced bctw«es Uie partidvt of 
sine aikI t}iose of the reduced oo)>|}er, wliidi oocaciiou a ^ioSent 
discliargc of hydri^)^ from ihe entire Hurface of the genentuf 
metal, or rather from the copper de{>oait€d ujion it; but tbe ma 
thus diAfkolved coutiibutes nothing to the general eOeot ; it becoav 
merely a case of load action (228). 

TLiH exi)Gnmait with the fLulpliate of copper throws li^lit op 
the cause of the cflcnescence which takes place when commoo; 
is treated with dilute flulplmric aci<l< Commercial uncalwayaooo*' 
tains iron and other ford^ metals mixed iriih It ia very apf^tctttih 
quantity ; tle^c act as dbcharf^rs 10 the hydrogen, aud ptr tuc 
to numerous hjcal ciroiiits at all poiuts of ilic surface of th*- niic 
Perfectly pure auic diasolvcs very alowly iu add for waul of tboc 
discharf;iiif^ points, but tlic acid i» not ahuolatcly vrithuut sctioa 
upon tlic metal. Any inequality in snsocptibility to clicnkical scam 
giTca rise to a current between two substiuicca suitnl>ly di«poMd; 
honoe any difference in deikfiity between two pieces of tbc sanu: mete] 
may suHioe lo jmiiHe n current i and n piece of hammeivd ftiitc tUI 
grnorftUy net a* a conducting plate to a pieeo of stinc wdl anii<>al>d. 
The ndliemim iif n. film of oxide or of fiitty matter to the surbor nf 
one piece win idHocauitca diftrmirc, nnd tictice two pioe^« ofoMii] 
whiMi may rvcii have lu-en e^it fn>itt tlict «ainfi strip, ntny, Qtiinr 
rerbnn cimintHtaiiccii, [iroduc*^ 11 feiTblr* rnrrcnt, 

The iiu^oiivcuienco wIiiitIj ia occ^oiicd hy local actioa, wkp 



• By lliP aolioii of hydryRm on uitri^ seH pi-roxiJo of nitrogen \ 
and KtueTtao formed, i^Mti iiO^+ H = NO, ^ HO. 
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nitrjc acfO 

ill CoiiUiut with Lilt: fine niaj' tw uv^iilnl l>y tla- <rti]|r)oviuuut of poiOilA 
dittplirafpns, umI if Uic &inc or gcumtiiLg itlate t>c p1uiif,'C>d iiito 
dilute Mulphuno aciil, whiUt the plntintim nr coudut'tinjj; pintc i« 
liwd« to ih|> JDto the nitric nckl or into the »uluiirin i>f culphatc of 
OOpper, irliieli le ncpuruud from the; ginii^nituig pUitfi by «t tub« ot 
porous Mxthcnu'Mrc, cotnhitiutiutiE fif gnrut tHncL-itcy &ro obtainod. 

(233) Ikmi^Ps Battery. — These important fueh* wei^ fiist 
cloarly viiuu-iatod by Pn>fc«eor DunitOl. Tlteir applif>utiou to tho 
voltaic bntter)' oimbk^d liim to deteot the cnute of tlie rapid dcoUue 
in the at-iivjty ol)pnervt!d m ft)1 the fctrmH of batteneft vrliw^b up to 
th&t pmod luid been d^wd, aTid tliey 1^ him to tbe invention of 
&n arraiiK^iiK^nt which wai only ohYmtryl tbpse flefr'^N, aud en* 
abled luiti to kocp n\\ a cumnit of uiiifomi slreii^h for many 
houTft, bni abo fnmiHlied rlertn{!al mt1(*tic« \Tith a l}ftttery of 
far BT<^t<^ OiclKity for its kjzc than 
lay wliich Itad previounly been ii^E^d. 
FV- 177 exhi1jit»ft tectioaof oiieof the 
cdls of Professor Oaniell'fl combiaa- 
tion. TJie outer case, c, cotis!at» of a 
cell, or cylinder of copper, which is 
constriwrlcd so as to retain liquids, 
and is ^Ikd vitb a solution of sulphaic 
of copper, B, acidulated with | of its 
bulk of sii^phLinc acid. The solution is 
kept saturated with the salt by means erf 
ciyvtals of sulphate of copper, n, which 
rr»t u|N)n the pcrtbratcd i^hdf, t. In the 
Uts of itxe cell is plaoxl a tube of porous fiortlicnvntn^ s, 
filled with an acid solution, a» which consists of 1 pait of 
oil of ritnol diluted with 7 jmrtH of wiiK^r. A rod of ranCj z^ 
is pbccd iu thi» tu1w< On nmkirg a metallic comiuunicatiou 
between the sine rod and the copper cell, a voltaic ourreac 
la otafatiMbed ; and liy finph»yiii^ iwcuty or lliiny cvIIh of thi« 
description, dwayH ct^naiTtiiiK the xiuc of one cell with tbe 
ovpper of tliti nrxt, a ooaibinaliuD of {j;re»t pow«rr is ubtairieil. 

'niuft>llo»fiiiit diap'iim may serve tociphuu the inmiticr tu which 
the fbror \» tnuisjuiUt'd tlu'ougb tht trlla : — the dilute Bulphiiric acid 
may be regarded as a cnin])Oiuid of hydro^n with sulphur attd 
oxygon, awd in rcj-rcwoted &» H, SO^; whvUt sulphate of copper 
niay Ik: lotiktMl ujioii ta a compound of copper with the ttamo 
GOuijiouDd of tfulphur and oxygo», aud is iudieat«d by the eyiubol 
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Ca, SOf. Let the htiickcU ftfiorc tlic rov of fymbol* 
tlic connexion of tlic jmniclr* wticli fy>mpo»o ihr Uqnid 
ConittG*' ie inn«lc bot'^rMi thn plnti^ C'ti mid Zti «t tlvc «*ti^> Af 
the connexion U made tictvMni the chopper and tint nne, the iJutcd 
moleculnr nimn^rmiTnt in t1i<? liquitl ratty be rqirrflctktrvl hy i)te 
nltCTPfll j>']«)^nuiif lhr'brtek<-1* bcncMith : thn line A,«rhicb r1iviiit<< iW 
•ymbolM of the milpbntc* of ecipiyr frfmi tlio>ftC of the mlphtine and, 
in thtit esMy represo'^iitA ibr poroim dinpbrti^M. 

The te«ult of the action i*, tiiat »o loii|; u* tli<T contact Utvcva 
the plaU-3i \» uiainUiiitK), sulphate of xine U furnii-<1 unii;ti-nTi|j|«Uy 
in Ibe porous tube, whiUt a continue] (lepfifiil uf a cu;m^|K)tiditg 
qiiantiiy of metaUic copi>er takes piace upon the intvniiU citrfao; vt 
ibe copper cjliutlcr. Kig. 178 sbovs & oooreoient Aud iucipcum 

Fio. 176. 




finin of I'hMiicil's battfnr. The ^lutioii of dulpbate^^t-ttpiicr iaoaa* 
taiucd in ^biM or cnrtVi<:nw&rc jar» acvcn iiichea dcvp,iuirl tlirecandt 
half iiicbca in dianiclcr. The cojiprr platcA couaiftt mervlv of nxUn- j 
giiUr «hc«t« of cop[H?r, pikt of nliicb i» represented at x ; they tut haibmt 
into n eylindricnl nhnpe and pWcd in the j&n. B}- tncftiui of tlic H 
Ktrip ^. oncb plalo i>L eaail}' coinicirb^l witb (be zu%c n>d of tbc od- 
jftocnt <H?1I, nnd iQn<lo fast to it by tlio binding eorcv a» 'She 
culiindcT fr>r tb«- fciipjiort of tbi^ cryMttU of f»n1pb&te of copper, rvU 
npon tUnv <w f<inr Uul<? pi^ceji of onpp<*r, which »i\» niude to wokct 
inwardn njifm the Ahet't, at a suitable li<*ighc nn ti}tovu at tf. iU b, 
8Pv<Ta1 cAU of the battery are Te])rcM-nti^cT rjk nnraoged in a coik- 
Becutiv^ series. IVcDty such oelU <;oMijioHr a battery a<]ivjtut« to 
the perforiiianc<^ ot aloioat nny exi^imont^ on the cbcmioid dmm- 
position of bodies in M^liition, ^ 

It is cftscntial in njountiag a voltaic arrangement of any kiDil,V 
that the sorBicci of contact between the inctid« be perfectly dno : 




a film of oxide will Diatcrjally uiipi-<k- the tmusmisMon of the 
currr-iit, and if the force iu eircululioii bo fc4.-bIo^ il tuay cvcji 
iurp*t it alKij^lJier- As a proc*wition, it w bctlcr bcfortr cou- 
iwcdug the UilTtruQt paris of tH<r uppAi^tiiA, to pa** n file oi a piixc 
of rnnery |ka|>er over all the »urli«^ gf the copper^ the liuc, or 
tlii! other oxiclizublo mctaU wlucli are to ho placed iu coutact with 
*h other, 5arfu<-t^ of pUtiuuni^ if noil waited auH dried, do 
4U)t ncod frirtiou villi nncry pdiper, 

(2$^) Grov^t Nitric AciH BaUtfrtj. — Tho nitric acid battery 
coiitrire<l hy Mr. (irmT, i« a still more powerful combination on 
the same principle 

ftft Damdl'a. It con- Fio. i7g. 

»ut» of a slip of 
]>latinuQ],p,6{;.]79, 
viiicli is |>tQD^d 
iiUo tlic porous 1 u)je, 
H, aiid tim i» tilled 
Up irilh undiluted 
miric acid. Tbc 
outiT cell, s, is 
SIM with dilute 
ttulpbufic iu4it, aiul 
in diti add \% pliu-od a Aat A\oa^\ of auul^muti^d Eitic, s; 
beut 80 M to infold the jx>roii» txibe. The acid liquid in a 
xtmy \xi convcaiejitly made ol t measure of oil of ntiio), 
diluted with 4 ni^a:itir«a of water. ThU combiuation prcv^nU iu a 
svudl Compaq tlie principal dc&iderata for attaiiiin}!; iiiteiiM^ niltiuc 
action. PlaUuam \^ die le^st liable of the metals to ch«'miod 
action, whiUt amongst the meiala that admit of bein^ easily 
wnmghtp tine is the one which is moet readily atiaekul br actdi»; 
GOtMcqueully the opjiusition of plutiaum to £ine fLU'uishcb a mo^C 
effective voltaic eumbiuatiou } niiiUi iiitnc acid absorbs with caee 
the Jivdrc^ca libcraU^d on Uie platinum^ aiid thua fonua irater 
and |>crojkidc of uitro^u, which rcintuii iu solution in the lu^ 
d(;couipo*cd ncid; tlic rc^ulttitg liquid constitute* one of the nio*t 
porfoct of liquid coaductora. If XO« in the following diagmm 
rrprt44-nt nitric n^ld, and 11, SO, dilute fjutphuric A<*id, Pt ibo 
idatiinim plate, ami /n the zinc one, the moU^ctiUr ni-raii^enient 
will be indicated before tlic action hy the poEtitl(jn of the bnu^kcta 
alwve, aad after tbe action b^ the ^joxitian of tho«e teloir. 

Ft NO^, I iCsa. hTso, Zn 
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With a batU^ of ton *uch ctrlU, fii-e inelMt ttigli. And two 
ft luilf iudie« wiUr, a Urge luiHilH'r of Irrilluoit eijjeriniMiU mf 
be ijprformod, but four or fiti^ crll* an? geiierftJIy Mitficirst for 
Bkoet jiur\Ytuvt of 4tU*rtm-chMiiif*nJ il^^trnpnaQtion. Hr. Calkn 
mius oil of nlrioJ with ihr^ nitru? lu'wl in tlie porottt cell*, «od 
tUiu obtainH jl carrt-iil, tho Ktn-ii^h of vvliich u more iiuif<ina 
tlian vrhcn iitciin add otilj U i»M. 

With a view to ecDiwmjr^ Buiuen tubfttitutefl for tbc platimm 
pUtcs in Grove's batteiy^ c^lindera of carlx^n^ prepared by hcntac 
tofotlicr a mUtiire of iiuwili^retl octio- and mlung ooal, or |ioh(1«d1 
coke moistened with a itmn^ aolntuiii of siyjar. A firm cobercDl 
coke is tltuB obtained, Cylincicr^ nmdc of lliis material aiuitrrr wrll 
ubilc new; but being porous, tlic carbon abaorbs ibc iiiiric vid, 
winch corrotlcfl fuid impai» tbc surface of contact with the* itiac 
Poggendorff {LiM^s AtmaL x^^\{\v. 308) has emjtloycd pbVt 
cither of alicct iron or caai iron inAtcul gS eitlicr jilatinais m 
carboii ; in fitrong nitric acid the iron is totally unarted on ; W 
if the aciil b<.-c«m(7 diluted tUl it La« a «j>ucifi<^ ^ruvkty of tj^or 
lese, it i» liabk to act upon the metal with uncoDlroliable viiii-we 
No combination po«MscK the iutenKc ein^^, in oniuu vith cnU' 
venience of working and compamtivc durability, in tlie aamc debtee 
as t!iat |>roj)o3ied by Mr Grore. It tt noceuary, hoacivr, 
place the nitric arid hattC'Ty so that the funtea of lutroiu 
(which are oojuoiLnly e>(»Iv<.'<i during tt» action, especially attcr 
battery has been in uite for stotne time) ahall paa« at one« into ilv 
epcu ur; as Cbey would oibf^n-iiie aeiidiiMly incommode Ibcoperalor. 

(134] Ttie iiclier mude of ob^iaUTt^ the counteracting ^^cucff 
of hydrugcu U|x>]i tbc i^egatire plate of the battery in lc» pcrfrd, 
and is of » mocbanical nature. It wju ftrat practically applied ia 
tbc eonatruiitiuu of llio vuUiiic battery by Mr. Smcc. Wydxoffm 
adberca to ajuooth surfaces of platinum and other mctali «Ttli 
<^iuid{Trabk force, bnt it paoaott otT nith caac from tlietr aaporiiic* 
mid cdge)4 1 by niidtiplyiuj^ tUcir points and irrc^ulantia», a«, foe 
example, by th« deposition of metal on tlte eur^ice in n pulrenalMit 
titrni, the FAl^apo of the gas it mueli facilitated. Mr. Smee cmploya 
a« th« negBtivo or condueting plate in hia batt«iy, a plM 
of Ailv^r, tW face of irbich haa beou roughened by theilrjKkfiitiiui iff 
iineJy divided plntimim upon it« aurfae^; each nde of tlkC mlTer 
plate bi*ing expoAcd to a ptatc of siino well amalgamated, and i>f 
equal extent, which acts as the positive plate. This pair of plotet 
ia excited b)- menmt of dilute sulphuric arid. Fig. 180 rtTpti:aaita 
a batl(fry oanctructcd upon Smcc'fl principle; a thin platiubtNl 
iilrcr |>lAte ta aupiKirted in a light frauiu of vrood* aa ibomt 
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dctadic<l at B) to ihc upper part of this fitimo n binding-Mrcw, 
m uetaUic connoxion vriili tlic *ilvcr, b fV»tciLcd, for the purpose 

Fio. 180. 




B48 Mttuiccting tlic plate with the tine i^Uten of tht adjoining ceU, 
by tBoaofl of a stnp of «lieet copper beta hk at c; od cither eide 
of tlie silver plfttc a i*}j»!et of amal^iTinttHl KiTi€, « i, i» sup- 
|Kn*t<icl l)y the ditinp kUowu &t A ; tlic zinc phtc* htp prevented 
firom cuDt&ct with the silver plate b/ meniut or the voodcii 
&une, tnd they are cc)ii:ieeCr,il with the silver of Ihc^ adjfLOt'iit cell 
faf a Kcoad hiiidinf^-^rew in the elump f^Iiowi) at ; the ?«eparotc 
|>Utes are attiui'Jicd to a unodt^tj franiej and bein^ cotiTiter|)oiHCil hy 
vreightA, a^t indicated in the figure, ran be lowered in!o tho ti-oiij^h 
of acid whni wanted for uae, or cau be wiUidntwu from it when 
the expc^riment ia over. 

(255) Hi-fht(tm^eJt to !he VoUaic Cttrrent. — The amount of 
fiJTCC whii^h circulates in any fjivcn circuit is oat dcpoiitlcu: solely 
upon the enorg^ of the uberairal stctiou which w cxcrtnl between 
tlic (fcncratinR mcial and the cscitinif liqtiicL The current ntpc- 
ricii4.'efi a reUirdallon or a rCdiaUinec from the very eonductore by 
wbieh iu inHoence U irBnsinitted ; just as in the irkTU«ini«»on of 
inocliaiucul force, the iulcrvciitioiL of tbc piroU luid luvrr?^ wliich 
arc nx|uirccl iov ita couvi.-yiuice luti'oduccA ■dflitiomil friirtion aud 
additional weight, which require to be ovcTGomc or movod, and 
which thus difuinlKb the efEei<ut power of the macluDc. 

The rcfijiliukCG lo the voltuic currcut ni»y W comidcred u of two 
kind*— tir«1, thjit rcAistMicc which arises from llie exeiting liquid 
cmpfoyod in tKc volt^kic cell it*clf; and s>cc(indl_v, that which imwt 
from the conductiug wire and Apparatus cottcrior to the ^'oUaie ecU. 
In a large number of caMW tho resifttaooe olf^'red by the exciting 
liquid ifi by tnucb the moot eoriHicIcritblc, Aiid it U iuiceparablo Irom 
tite ciouibi Tint inn ; wbiht the f«concl laourct' ttf reii-stanee. Or that 
which ia exterior to tho cell, c«n bo incnvLiml or dtminiahed 



94% 



RCnBTAXCES TO THE TDLTATIT CrKXKXT. 



at pleaftur«, and by the etD|Ooyinent <^ very short uwl tVitk 
inrea for oot»ni'Ciii»B tbe |>1ar^, mu 1>p virtually remofvM nllo. 
geUier or ihitiiiijilnu-il. Tt mil ht^ adn^>1^ to ronniHor Hi^ tbe 
leautajice lundurM \ty t}i« VuiiM in tJi« active oel) itself. 

If \Aiite» of ef^iial Mire Im' tAki*ri, tbe re^utance ooc&flioni?d bf 
the liqiiul increasea directly ah tbe distance bdweeii the ^Uata: 
the longer the cobmiii of imrverfectly coitducdng matter which the 
force hm to traverse tlje greater U the diSiailty whicli it will eip^ 
rieiice. If two platen ho in)n>er»cd in acid at the disranre of ui 
inch aauude-T, tliey will produce tvelre times the effect that ibr^ 
vould occasion at the distftiice of a fool from each other. On tbe 
other hand, the larv:er the area of t!»e plates tliai arc ioimcrwl tW 
less is tlie resistance. For example, if a pair of plat4»> one Jvi 
broad aud tnelvc iurhe^ loii^, 1>e immersed in arid to the dc^ of 
one inch only, the curreui produced will only he cKjiinl to one^ 
twelftb of that which would be oblaiiied fay immcming each 
for iU whole depth of tnehc inches in the liquid. Tlie rfHitfantf 
of the liquid is theretbrc directly as the di^tauce Ivetweeii tto 
jtlatra, and invcrtely aa the surface of the ]]latc» wtixised to 
action. A pair of plates cxpo^it^ o&eh a Mptare inch ofati 
immersed m acid at a distance of one iiu'h a|Kut, will 
C|ucuily produce an eHcct cMjnal to that winch would be obtvndi 
from a pair of plates which each cx{>0!<ed a nnrfacv of twelve itpiare 
iiidies to the action of the liquid, if they were twfdve tneltes apin. 

A ca»c somewhat anjilogou» is oflcred when water is trmat- 
mittvd through pipes. The jercntcr the ti^i^tli of tlie pipe, tbcn 
Biore eonsidcrablc will liC tbe friction and tbe ctimtetjueiit rtwt^^ 
aiiice to the pnm&gc of the liquid ; whiUt the larger ibe aren of tbo 
pipe the moi-c ivndily will the water eacapc. A piyx^ wludi 
expoTH:^ u circular itvctii>iiiil nnta t^f two Mjuurc lochcA will albw 
tnicR iw much wntcr to e^a]>c fnnn it in a given lime ae a |u|« 
of which tbr area on section in but a nin^^lc acpmre iuch. 

If the t^o plnten arc of utK^^ucil ajxc, hut am imaicranl pmlkl 
to each other, they may, for moat practical purpo«e», he calc^la; 
«jc eu4;h cicpoHiug A surface e<piai to the lueau aurJaoeof th» 
Othrr cii'<?mDiitu]L(H*A iudcixMulcnt of tbe extent of surtitoe 
by the pUte*, and the diutince between thcoi, mntenally ioHuenc* 
the reatittfiuce of different liquids to the curremt. Any eauflp. th; 
faroum chemical action heiweoii the active metal and tlur Uq»i 
or which diniintHhcH the force by which the elcnientftof the li4| 
are uuitcfl, ku^Ii hj* elcvutiou of temperature^ diminishesi the 
nAtaiiee cf the Uijnid. In nioiit casea an incn:a?ic in tbe i^i 
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' trndon of tho solution, pro\S<lfxt iU Btrongtli be not so f^feat aa to 
reDclvr dcpcmtioii of cryi^Utla Uah\G to occur, dimiiiiHlies lli« r^stat- 
ttiu^ (24,1)' The current likowwc experit'iiooa n ftjiecilio rMututco 

j in f*M^H liquid wbirh f1i*iirn(U upon the force with which ite par* 

Similar, but rlutiiict nwi&tanoi>, though to a leu evti^t, m 
offentl by tl»c mi-tollic port of the circuit. However good ils 
ComUottiig ptjwcr nuxy bv, it alwayi^ olTiTa Mime nbetrucliou to tbfi 
ctirrwit. Tliu longi.T Iht wirr employed, the grcatt^r is the diffi* 
culty cxperioiiccil by Uir forc« iJi trnvcrsing it- The resistance of 
m<ijk], like ihiit of nwh fluul, is jipeeitit\ CopptT and «lr«^» 
iantaiftce, whm winw of ixjunl tliieknese mid len^h arc com- 
pared, offer fjir less re^i^taiico to a ^ren amount of force thaa 
IH^rfrt-j ixiiidiiclor«, sui-h jts iron nnd lend. Kxperiiucni b» 
uiihlruU'd that with meUtllLC coiuliictom the mine law lioldfl 
I good aa with bquid^ — m., that the i^oiidiKtiii); |H>wt?r i» inver^y aa 
I the length of the wire, and directly nt< the arejL of iu BectioiL 
. In cyhudriral nirea thiH aem^fiial area will of coiinte vary sla the 
Bquarc of the diameter of ttie wire. A wire t'olh of an inch 
, iu tliieknesa will for equal ]e»;ft1is oiFer four tiiuea the resist- 
ance of a wire \''aihs or itK of an inch thick. If wires of the 
^■De met^, and of equal iciif^lLs, be compared, the resistance will 
^^^ directly oa the weights of the wires. 

^B In ibo ex|>cnmcnt wiUi »ul[dmte of copper (fig, 1 73), the mct&l 

ria d4qio«itcd in grcaU'st quaiktity where the force ia ma*t readily 

truiAiailtcd — vix,, in tho«c poinu which are nearest to the ^le, 

j and vhcTC the rtvistune*.^ offered by the liquid, which hire foriiifi tluj 

tbiuni?»t hiycr, is coasi-qucntly the Ictist. 

\ A rod of inuc supported nitluu a cylinder of eop{>er forma ft 

convenient nurraugcoicat of the |^n<-ratiitg aitd couductiiig plntOB, 

' bocauM:, wbcit vucl) a rod is phicerl in the dolia of tho cylinder, the 

1 force w evenly dUtribut<Hl ovc-r the trholc mrfmec of the copper, 

I i^S^) I^i^'^rfitrc htiwt'cn a Simple and a Compotind Circvit. — 

I Tbo obacmtion* hitherto made have referred to caM» in whiok 

! only a ninglt? pair of motidn i« emph^ed. It will be ueCNMKary 

I now to ccn^idt-r in what way the rvBult> an; modifiMl by tlie 

axaployiaent of sevE-ral paira of jduttiH. It baai ainndy been 

' vtatcd, vhcn uptrakiii^ of th<? eleetricily di!veloj>od by friction, that 

wbc'ti a liirKO nupply of eh.-rtricity iv ucc^IliI, it may \jp- obtained 

wiUi I'qual eflVet either fn^ni a single Leyden jnr whi**h exposes a 

Uh^^ eiteiit of coated snrfaee, or from a nnmlier of amaller jara 

^Msh toother ex|josG the &aiue antount of coated surface, all 
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tko inner ftoHaccs of th« mxudl juru boinf; in tnctnllic oomiini. 
nioatton witb c«ch other, bat itiaulttt^Ml (mm thu outer coaling 
M of winch likoirUe bltc cxmuvded by a^im^ f;WKl ooiuliictng 
mateml (^oj). A mmiW remit ii abo olrtuned in irotuw 
arrauf^emtiitA. Pmvl^led tfint tlie jiLuteA e3C|Mwe the same extfTH of 
surface anil be IcepL ut »i e^iiftl iliHiaiir^fi ^p^^f ^^ mattim not 
vhcther the^ be imtnerteil in a ftitij^le x'e^sel nf liquid, DrirhHEtftj 
thc} be rrtit iif> into fEt.ri]>A nuil be* imtnerarfl iti ]iairfl in Bei>a 
vcsiwlfl of the »aiiie liqiiiiL The onl}' rec|uUitc ia that all the n 
plutis aball be connected toeether by stoat metallic wires, 
that all the platinum pUtes sliall Ik? similajly co:ii>ccted by c^ha\ 
vins. No HCtioii will occur until mrlallio cx^iuniiuiiciitioii t)ctii 
one of the platiiuim find one cf the zmc plates is cffcctwl by 
of n coTiductin^ wire ; and then the wbolc force of the united | 
will tmvcrec the comicctinp wircn 

The«c results may be exhibited to the eye in a fomi of 1 
in which the hydrogen cTolrod firom mcli platinum plate ad 

of being colleeiwl — a eoDtrir 
proposed by Profewtor PaineU, udl 
vrUich lie ndle^l a distecied haiUrf. 
fig. 1 8 1 !thowft the manner of niowl' 
iiig one of theae celK In onkr to 
lue tlie duHeoted battery, tlte cetb 
are charj^ witb dilute stilpfcario 
acid, aud a small graduated jar, b,^ 
filled with dilnto acid, is inverted ia 
each of the cells over the pbtlau 
|>late, Py ia such m manner u 
receive ibe bydrogen which it 
Gii^ij;ed durui^ the uj>eniliou, 
pUi4:a of such a b&ticiy cm% eaat^ 
\fc coimcctcd so that all the 
of sine, Zf shuil be united by conductiu||; nirc», ai>d all the pJatinn 
plates in a similar way by other wires; or they can with etjuJ 
readincea be united eo that the lino of oae eel) »^hall 1>o connortwl 

in tho platinum of the 
following ottU- Sup- 
pose, for iuatance, tvo 
plates(Kand v.f^.tt^^), 
one of linr, th<- otW 
of pUtiiinm, earh six 
iurJioi square, he iow 
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OMPOUSD ClECyiT. 

tnortod in a vc&^cI of sulphuric aci<l, at a difitftncc of an 
ittcb &|>art. A cimrout of a ocrtaLu ULtaount of power will 
bo obtatned on conncctiiig the tvo platoe bjr meana of ft 
wtro> w, and in Bvq mJuutoa n certftiit quavxtity of nino will be dis- 
solved, aod a oorn!8poii(1ing qnaiitit}' of lkydrof^i?n gaa vill o»ca|>e 
from tbe platinQm, Vow if th^ tinir a»H tho pUtinam bo «flch cnt 
iiilo strips of nil mr\\ broad atid hit inrbr** long, nnd tbc wrciftl 
|»irf) of irmc nrd pUtiniitn ntripx be immcrrHcd in iwpni'ftti? I'Mftcls 
of dilute Fiilphuric acid At the dij^tancvr of odc incb from carb otbcr, 
and if, UB in fig< 183, all the ziuc fetnp« z £ be connected by viircMt 
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tod all ll>e |Jfttinnm i^tri\i9> r p be similarly united, on coniiM*ting 
tbrm to^tlif-r hy a wire, aa shown ;Lt w, (be same amount of power 
mil tnir4rr*« ibc wire as in The fir^t combination, ard the <|aatiiity of 
«ii>c di*Milv<?d in the b\\ plates taken to^retber will ia five mimile* 
be the i*me qa thnt which was diwiolvcd from the nt\\;}e xiiic 
ffirface in the first arraiiRemint ; whilst the ijuantity of hydro^ti 
^:nji which Trill rise from all Uie rix plate* of platinam together 
win be equaJ to that obtained fmm the single plate in the firmer 
experimCQt (fig. i8i). Such a combination^ in whichever of the 
fimna jitfit described it be employed, may be regarded as a single 
pair of phl«, uud it constitutes a timpU^ volttiic dratit. 

By acting tijxiu extensive siirihcc* arnuigetl in *im|^c circnit«, 
the quantiiy of electricity n'btcb can be tbrowu into ciretilation i« 
very Urge, though its Mt-n-nhj, that is to nay, its ()Owef of o^«r- 
coming nwHtAiicea, ia com])aratively *miill. 

The mudta w^uld, however, *« nlt^red if, imtead of connwjt- 
ing the divided plates* ti>gether in the manner repre^uted in fig. 
1U3, they were coantctcd as in fig- J 84, in which the sine in eadi 
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ocll i« «uppo>iM to be connortod vtith tlie platiiiam p1fl(« of tW 
a43iV><^<it ^-'^^llr in n*gu1iir onirr tliroit^h tHi* Kcncn. Wlit'ti i\c 
extreme platAi nro (H«iitc'c*i"<l liy n iKiclc unrcj w, ilir unioimt of 
fiirci^ vbir^i trM'iTHfrA thU u'lnr in n giwn timi* in i^^iinJ tmlv to onN 
kuLIi of llift ri>n*(^ ntiiirh wn* thmnn into Hiv>iitHtii)n iti t1i^ fWimrr 
tnstuiircH; but ihtr qiiimtiLy uf xmcd\9Mi\w<\ in tbi* kix rdU ukni 
together in tlu^ Hiini4* u» btdore: and if the liyElrct^n be colWud 
from tin? hix platinum i>kt««, tbc ipiaiitity will still bo etitai to 
that <liKetk;>atcl^l in the experinwtiti< sbo^n in ft^^. iSi ani) |£^ 
Tbe ciirrcni bas now to travcrac each cell of tbe liqiud in b 
Bion, and tbim liaa to cncotiiitir a ^reat a^ldinonal reustaikcc. ¥i 
now tlie power Atartafrooi nix aepamt« points of onpn, aiid t^\ 
of the«fi separate }Ktints adds its cnorpy or impulse in driti 
fckrvuTfl tlic currc'iit. TIic electro- motive force ia increased bix&iI 
wbiUt the resistance of tlic liqiud is increased still more ; in the 
place il is increased BiKfold. from the citvumslance thiit tlie Icogtl 
of the column of liquid whtcli miut be travcrved^ is ux tttoa 
grest^ nud it m next fiirth(.T incrc»»e(l sxfobl hy & projM>; 
diminution in the breadth of the column. In the arTBngcmait 
of fig. 1^2 there v'n# a <^^lunin of liquid mk uicbe« vide mid ons 
inch thick to Ije EravcrHxt; vhiUt in the uira&gemcnt of tig. 1S4 
there is n liquid column «ix inehe« thick iui<l only one inch 
to be txaterved. \Vlien ilte pbitCH are urmngHl bi vcpamtc 
partmeut«, wid are connc^-ti-il Uigi*tli<-r idtenuitelj:, aft in flff. 
they couMtitute a cw/iptrnml voUaU circuH. Volta'ji pile luid kl« 
crown of ctip.t are tbej'cfoTt eoutjwtind ciretntA, a[id it b x\iu form 
of combiiiutiou uhich uuubled him tu obtain rvsult« no mudi 
BU^tenur to thcMe of auj' pnsvioun experimi^uter. The cloctridty 
thift cove '«t not greater In quantity than ttiat obtainublc from 
fdmple circuit; n&jr, it ht niXcu inucli Icamj hut it 1i«s a mi 
hi^ier intensitj, and ita inwcr of overcoming rcnatatice* i» 
much ^Tcater, a^ a fiu-tbor ei&miiLutiou will slioir. If, ft 
cuunjtle, 50 or too miltftot of wire, «ueli an iu mmA ior tvit^-^^n 
purpoHvs, be introduced in a eonibinauoti arranged, an in tij;. fS 
MB a aimpic cireuit, the efiect obtjiiued would be very materiuUy 
than if tlie «aiue pluteu were arranged iu the form of a eompi 
cireuilp a^ ahovm iu fig. 184. 

(a j7) Ohm*M 77ieory. — Thew eon^iderations may be fnueh 
plifted, by repreHeTiting the mutual aetion of the eledro^muti 
forcea and the rCfiUtauces of any circuit, simple or cumpound, 
llic form of a fraction, in the way proposed by Olim. 

It has been found by experiment that tJ»c power of my 
combination is tlireclly pro^jortioncd to the clcctro-motiro forct% 
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^bmii-nl energy i>c1wccD the active Enctol, and one of the clement^ 
^■be liquul iipou which it acu ; ^nd iitvcivcly |importioiirrl to tfic 
PKttaneio* to l>e ovcrcomo. The numerator of the frnciion will tlieiV' 
fore he reprewntnl by E, the eloctTo-EDocivo force, uiA the dimomf- 
lintor by /t + r ,■ herr fi re|)n^rnt* the ivpifltftiirr in the erll or the 
tutitorr, {diae chiefly u> the nlftiutyhetn^et^nthrHr^enls of the li(}uiJ 
for cneh other,) ftiid r nil roiiatsnccA citeHor to the erll or the bntteiy, 
|Meh U( thr oooTiei^Kng win*: thiin the riprejuioii jg^—^ ^ -^, w^nld 
9vpre4ent the efleet of nny cotubinAliou wtiere .4 uidieatea the 
ftmouut of fortw sictually in eirciitflttoji, whether ine&«urerl by iH 
hratin^ or by it* m^pLelu? effVvla. If the eonnecting mre He very 
thick, fw art to offer little or no re^iHtimre to the eurrent^ r heeomfH 
isvaneivent. anil the IVaelion HrtHiimeft tLe form of ? ^ A. 

^Dw b*t it \m- (^*v\^m^'A tliait ^ = i , nnH that R= J, when El pair 
of xtne ftnd phitiunm pIntr-Jt &n inoh broiul txtitX «ix inehew long, m 
immemeil in ilthite fti^iH nt tbi^ fli^tnnecT ef one ineh ft^utulL^r, sio 
tlwt iinrfhrr thrv eirenm*tuner*, ^ = J = i> If a puir of p!ati*9L, 
six inohes broad tuid 8ix inches long, be iminerscl in the Mitne 
MOl^, )^ince the re^istaiiee is invenicly S8 the siirfiux^ of the pl-ite^s 

tcamerwet), thft fraciion hecomea "l^ or nr:=fi or iho power ia 

incnt^Heii sixfnkl, a^ compared wilh the former. If tho pbt4» be 
eftch eut iuto ait gimitar atripf. and Ik- then armn^nl iti piiin, &s 
Te|ireseitt4Kl in fijif. iSfj, the #aine traction Htill rq)n*«cnt7i thi: restdt, 
ftince the relative size ajid distance of the plntcit rcmiLiiL unchanged : 
but if tlie [ilatoa lie arranf^cd in ftiicceivnoii fto ns to prcHliice n com- 
pound eirt^jit, as lo fig. 184^ the fnu^ion beconu--'* ^ = -J = 1, the 
olectm'moiive forc« U increased sixfold, hut the resistance u in- 
creased alfto in exactly the same proportion. Tlic force which 
under these cirrunafltBnees circulate* tlirough the connecting nire 
IB not (greater than if a eiogle ecU oidy cantmnrng a piece of plalc 
one inch broad and ^'ix inches lon^ were employt'd. 

But BUppoHC now that scvenii milcj^ of wire, snch a« are cm* 
ployetl in tclc^aphlc eommuntcntion, be introiUieed into the two 
com binatioiiff Be^rr ally represented in fig«> 183, arul 1^4; r now 
acquirer itnpcrtnnec ; let the rcni^tancc be tweutyfnid gre-atiT than 
that of the liquicl in «ieh cell. In the fir<t caK* (with the simple 
circuit), the fnictiou bet*ome* ^^, = ^n^ = o'047 ! *° ibc second 
(the eoini>ound circiiil], the fraciion is ^^- = ~^ s= €'33 ; so 
that iHhongh in both ea^^CH the nviMtimee intnHlured most matenaily 
tUmiiuMhcs the htnoiiut of force which enterH into circulation, the 
power 10 ihe com^jonud circuit m uovr five tiiaeft as great a» tint 



850 



ensMTCiL AiEcovrraiTTCiy. 



vhioh cmfliiatcff under tlicuc circumitiiiicc< irom tbc aitnple circniL 
Indocit, in all cumc^ wttrrc givftt nviHtaJkcew external to tho luttei^p 
havo U> lie oxprt:<nu<\ a coni|v)mi(t Uutcry kftM n gn^ftt Bikm«t^ 

(23R) Chtmtci>l Dfrtffn/xntUhm^^^VnUtimtrifr.— Jit i* imjiorlmt 
to rrinf-mlKrr that tint toixrr u}^t<'h rimjlatm thnxigfa i-iu-h n<U in ft 
com])Oiin<l circuit in not iiirmwcd liy the arrnngnmwit, if thv TOa* 
ncxion bclWL^cn it-« L-xtn-initic« be mode by dmseus of n good co& 
duiCtor : if, for t'Miin|j1<s ^o ftimilju' uid cqixal oclU be ocouMXtcd la 
suocewiion, luid hu imitetl by u stout Khort wire^ ihv iiUAiitity of 
siuc vihioTi vfoulil bo (lUr>uU'i*(1 ui ik givai time iu «ttcli of tbeo; 
celU wouM nut t>e K^aUT tliim th«t vliirh irould tw cotuiunwd ii 
ft «in>;;le cell of Uic «ftiiie j^ikc in the sunic time, if the p]At«a vlndi 
comi>o.Ho it t»yrrc cxjuiicrteit by m short thick wire. 

Tlii^ povrnr of a coni]K>tin<l circuit is rtliowa in a striking 
manner, vrlien Aorae liiiiiii] hucU iu ihliiti; flul{ihunc ftcid is intcrpoMl 
iu the course of the conducting wire. The exjieniDeDtd whkh 
Giucidate i\uA |K>ijLt iiuiy Ije iuAlructivd}' perfonned l^ meazuof 
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the disHKlcd batter}-. If a pair of platinum |iUit«tt, a b, ^g. iltj 
be immonwd in the »cid coiiduciiog tiquicl at b, uid couoected 
the wires proceeding from the oompound 43TCuit in the 



* Let n = the numbor of ttio pUt4M m a compound oircojt, 

„ J? = iUo okwtro'notlvo rorco. 

„ ]) = i\»f diftUooe betwwn th« platc«. 

., JS == Ibo ma of tlie plaM. 

,, I = tho Ico^lh of tlio «r>iidocting viro, 

„ a = the oroftof a Kctaua oribt!< «ir«< 
IhB flnutioti vbich FeprciontA Iho a(?tif>i] of % compound bntt^-rj 
flEtvcmlde* «rc connected bj [DMM of atliiok ntcUUio nirv La tW f" 

mb. t = J. In Uiii GXprcnioii ^ u vubatltulod for M, (tho ruiitif in 
Mcli cell of th« haltXerj) to i^hifh it 10 rqnivaknt t >iiic« Jt is dirMii; ii ti» 
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rqir e^ nt cd b% Iho fig<iro, the liqmil will be ilccompoMd, oivftca 
will Iw ^vca otf frijm otw: plate, tt, luid will ri«c in the tube o ; 
vhiUt hjdnigca will bo given ofl* from the other \>latc, 6, &ud xnav bo 
Jn:tol iu the ttklw ii : bttt if tho siimi? (x?]U be iLiTftti^'cd as a 
aple cirviiit^ fig. tH^, no »tich eSV-ct i» protlucird^ Hy the iutro* 
daction of the liquid coaduetor at it, the rotntftiice in r&ty greatly 
inervnitccl, uiioh i n^iitunci! bf^ltiji^ more cotiBulc^rablc than that of 
many tniliv of virc. But thu in nnt all : Ix^hhIi^ t)ii>« rctii^tauce, 
a new etnuiteraciing eli^etre- motive foreif tt]ii>vrc ilnt^lfj which ope- 
nUi^ tn ft dinvlinii tlii? wai^rni' nf tlu* nirwnt in tlw- Hftttory. ThiA 
forwT jjidiu* to tiie oxygen and )LV<lr()jj:tn which are Hcpni-ati?d upon 
tike ])l«tiiiam f^at<», and wliich, aA hajt been expUiiiuK) when sp^. 
ii^ of the g;ii» Uittory (2^1) i» wry oonxidomble, Espcrimeut 
akow4 thnl it i--^ iR^wecm two and throe tiiiic:« rui powerful as the 
efectro-oiotivc force exdted by a pair of line and plutiniim plates. 
When, therefore, Ihe endeavour is made to di\'ompoi«c tin; dilute 
add by a »n^le pair of zinc aud pUtitmin platen, however large a 
sttrtace tliey mxy preaeut to the action of ^e eieiting liquid^ no 
vivUe aettou in the edl b ensues; a momentary decomposition, 
too itnall tu Amount to be perceived by the eye, prcidiieeA a devdcp- 
tneai of oxyjin^u and hydroffcn upon the two platinum pUteai », ft, 
BulG^ient to oppofic an ctfectiial barrier to the tratiamiMion of tbc 
cnrrent, V^vcu when tno pairs cf zinc and [lUlinum are ased, tlic 
enei^of Ihe eurrcnt is inAufficient to effect any viaihie decom{iOM- 
tioo : with ihrcr pairs, a few bubblt-^ of g^ §how thcmsplitw ; and 
With a more numerous scneis, the clli:ct» increase rapidly i till at 
kn^h a point i& ^incd, (x?yoiid which do advantage is obt^ed by 
iDcrcasinj^ the numl>er of celN in tbc btvttcry. 

It is partKiularly worthy ol' remark thatj in crc'ry rurtical sec- 
tioa of any voltaic circuit at a given ioiitaut^ Che qunutity of force 
which traver*c» it i« nnifonn : (^tim^ipiently, tie wime (|iuintity of 
bydn?gcn nmki^ it^ iippnuunoe uj>oij tin- plntc d of Uiv cell n, which 
coiitaiiiv Ihe liquid for ducoitiiwotion, as U di^ugngetl and eoUccted 
daring tlie muhc luterrnl fr*ni cjich plate in Uie buttery it*elf If 
each xjnc phdc of the battt^ry 1>e wi^ighod lx:foiv tlie espei'Lineiit i^ 
be^n and aAer it ia concludedr it wdl be found thut eaeh plate hoe 
lo«t weight to OIL equtd extunt, Tlie iuterpoHittoci of the li<juLd at a, 
may ooeatnon a gn-ut rtduL'tion in tbc uuiovint of powvr which y^ 
thrown into ^reulation ; but at every tronavtrae section of the twt- 
tery, the power that doi% eireuJato u uuiforta in f|uatitity ; and the 
mewuremcrnt of iW chemieal action, whether it bo estimated In,' tlic 
c|uantity of put wljtch i» evolved at any one pointy or by the quau- 
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tity of tine v-hidi i« diseolved, m^y be imiploy^ as a mro uicluKliim 
of the quantity of pow<>T iti circiUntion: in otlior wonla, nHafilatkti 
of tho ciirrcut by the lii|iii(l rontiiict^r » ncoMsariJy &lteii<1o(l with 
nn rqiifll rclBttUfioti in tbo conducting wire, and to mcIi c*1I uf thai 
bftllrrj- itHrlf, This impoTtnnt Inw mw dtatovrrrd bv PanMliiy. 

A* one of it»* p4«iMf-qtirinTn he wg* onoblcil to employ a flrcov- 
fOKiog rcll, mtcb M ijt nbown nt n, fig, i ^^3, as a nirftmro of ihc voluie 
pouTT of ftiLj- circuit: suck nn iti»triun<^'Ht is called a VoltamHrr. 
For cnch 31 grainn of kluc di«9oh-cd in aay one cell of the 1iatl«ty, 
^ graini^ of vittiT arc i1ocompo»ecl in the voltameter, and 46 6cti]w- 
incfaes of hytlro^cn. or 1 siniii, and 25*3 cubic Inchce of oir^Enn, or 
lA gmiuH, At 60^^ P. and ^0 inches Bar., arr <n-okcf] upou its pbtn ; M 
tlie same time 46*6 cubic iiiche^ of Iiydro^^ nrc gtoIvixI from evnr 

platinritn (ilatc iji dip 
Fio< 1S6. cells vi thcbattcrr. A 

more convenient tarn 
of vcrftsincler i« thawn 
in Sf, \Hf>. U cvo. 
aiato of an tiprighigh» 
cell, to tlie Euyk of 
uliieh a Uoit tdw, r, 
for the cotivej-aixv of 
the difftcngagccl gMCf^ 
» fitted by irritxtinf:: 
tJiG vessel » filial with 
dilute auJpbunc acid; 
a, b, are the \yfO pla^unm pUces, each of nhicli is connected by a 
vire which prw^r^ tlirough tbc foot of ilie iDBtnintciit, to a meirvy 
cup, \\\ m(r;L»H <if wliich commuiUL-ation can be made with llie wire* 
whiHi ctimcT tlie current ftoni tbe baticry ; iLc osypcn aiid ibeliT' 
(Injgi'fi wliich are Hbemtcd bj tLc action of tlic cturcnt upun tlie 
acidulated uatcr both rinc to the aiufncc of the liquid, and aro coo- 
veyed by tbe bent tube, c, to ihc graduated jw, d. wbieb stan daia 
a amaJi pneumatic troti^li. 

It i« to be obwn^'od tbat tbc ftcttou of ft i^iinplc ?iuc and platid 
battery is not eiondy ; it gmdii-tlly ilccliiiCA, iLnd before the acid I 
become saturated with OKtdo of xiuc, the cnrrDnt almont ooaaea^ Ott 
hrcaking the coalaot of the conducting wrc whh the two &nd* of 
the battery, and allowing it to remain dinn^nnccted for a few . 
minnten, the artion ia partially nwtorr--il; Init it agnin gradiulTyfl 
decline* nflrr tlic circuit hn« }wM*n wimpMrtl. TIh-M' cflVet* wrw^ 
tnkcn) t>y Prof«Mwr DatiicU to tbc action of the current upon ihe 
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vulpbntc of xinc, which it fannoil during the ofwmlifnk, in each 
oeU of tho battrry; Ihc? xxnc italt in (Lc<ximp<>«cd iti tW iDinncr 
«bown in tin* Anhjnii^rH) diii^cr^m, in whirh Zii, &0| rcprcwnts 
the «iu1pliAto fif iinc% nnri P And j^u tin* itintiniim and vine plntcn 
(rfthe eel). Tlie hnu^lttrtt ^ilufsl nlxivc thi' ajrmlKdH imlk'ntr the 
KrTBjairenent of tlm |iajni4'li^ iH'fcm^ tht- riirr<-ni \vtriM^%; thof« 
bdov skou t)i^ diau|^ pi-oducsed by tlie voltaic octiou- 

P Zii SO^ Zu SO* Zi. 

Id tlnn manner raeUllm iinc becomes rednonl or <k'pmitcil 
upon the |ilatinutu jiUitea, and tlie |xincr of iUe Ijaiu-n' U iirr(«tal 
when the two snrfacm which are op|io&rd become viiiually fEiiic 
and zinc tiu^toid of jilatiimm aiid zinc. Tliia e\'il may ^»e obviatal 
by intcrpoHng n poroiw diaptir^m between the two [ilates^, aa m the 
twttcri«s of DaiiicU and of Grore (233, 133). A commtnueatiOD 
1)j meous of tiquicl U thus kept up between the zinc fiud the 
copper or the phtiiitnn ptiitc», but the vtdphate of uuc is prevented 
&0ID niiiuih)^ wttti tlic liquid whick in in contact with the copper or 
Ute pJadmim. 

(239) Furlher Applicatiim of Ohm' 9 'It^eor^, — AU the pbeoo* 

tneoa of coni|>ound circmta admit of re^ly calcitlaticn by tlie 

application of Ohm'a prindids: for instance, if n repri*»ent the 

nmnl>er of the plaies, the cspreMion for any eoiniiouiid nerie^ die 

cells of vhieh Bare aiinilar in natme aiul eqnaJ in EUze, bcnmiea 

— I — = A; since in eflch ccU not only ia a new elecln^nimive 

fcrec intrTklncedj hut at the same time a new n^i«unice. Provided 

that the ext^or resbtanoe fs ffuch aa vonld be offentl Ivy a 

metallic «irtf uliitrh ma.y even be many luilen in len^b, In' <1oubJillg 

tW numlKT ijf ceLUj if at tlio same time tiji! ai^ of the pkMuo be 

doubled, it ia pomibii; eiaetty to double tlic amount of force iu 

t-ir 

oircdatioii, for>^ * r = ^aS^ ' ^"* ''* inntead t>f introdiieing a 

wire as the pjtterior resistanee. a voltanii'ler be employed to inea- 
Bure tlie power in circulation when the tiunibcr of cclU is doubled, 
aod the surface of ihe plates aiw i« doublet), the force tDC««ured 
by the voltameter is not fotuid to hr doLililed, a« might ikatiirxlly 
have been expected ; the diflerence arisen from the counter currait 
which m produced iu tlic voItaTUl^te^ ilisclf, by the aeminndatioit of 
tic oxygen and hydrogen U|)Oti it* platca. Call ihi* counter ciurent 
e, ami the fonuitb lieeomc« £xr;" 

The Talues both of e, the counter current offered by the volia- 

A A 
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meter, and r, vfhlch, if ftbort thick concluotin^ wm» be imd, u 
virtually- tlw roaiaUuioe of the volUmetcrr itoctf, m^^ b« in^ 
muiply ewtinuited iii the way pn^posed by Prr>f«wtor ^Vbeatnloi-;, . 
Thu iiu?tbcKl ocHiMirt« iu rompariiig two ouppHm^nU tn «hirii, 
rcsi*tj*E»co** roRiaining the »ianu*. thr (»lrrt«»*nK>livii f^rci^ »li 
*ar^'. I "jion tfie snivpo^^hiiin t)int tlic voltamirlcr nirriOy f>ffa% 
inci^A^cvt Ffiifltanw without mtrfulnring tmy pourtiiiu'lmy dectro- 
notivi' foi'cc, five sitiglc ccU» mUouM protUioe a rtvult <X|iiiiJ to hftlf 
tliat obtfiiiicd by tb(< us4< uf trii ltIIk at double xim; ; but by exjuv 
rimciit. the cfTcctA m mcuuroci bj the rottumetcr arc v 6 : 
Coiiipariiii; th<%(f cfl'£<^ with tlio arriirL)£eixu^iitA wbi<*h ivod 
tbeni, wo obuin the follo^iui^ |iro|H>rti4>n, from wbicli tlie value 
« i» cl&1uco(l ui teniu of K by <M)uiitLug : — 
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The rcaistaiicc 1- of the roltamctcx may be calculated nitJi eqi 
caae; lor takiiif^ l^o similju- bnttcrk^s, oAcb compoAod of tea ctliir^ 
but ill one (if nbicb the pUtc:^ arc exactly doulile the t^iic of tiiose 
in the other, tliu ductiXMinotivc forces nill continue thi; saap 
vlule Uto re<iKtattcc« aloiic will vanr\ I'tidcr thc^ orcuiuJilnocA 
the e&penmeiitiil rc^ulu, funnslK^l by x\w voltimtnvr iii oqul 

tiroes, were &8 12*5 : 20, and f^^ : ^V*Tr : = t^'S * 20; tberHbi 

r = 3'333 ^^. By Buhtttitiitiii^, t» tbc formuhi, the value* br 
e und r thu» vbtuiucd by rxperimeut, tbe re«ulu ibr any gitto 
number of coUa may be calculate ; aud ou compariug tbe raluoi^ 
obtained by sucb a catculatiou with tbe nuiubcra funuflh^d 
flOtiw] experiment, Mr, Dauiell {Phil, JVorts^, 1^4^^ p- 14*^) ot 
the following ly^ults : — 
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Any nltr^ration in tbe mte of tbe platea of the voltamrtw 
a&nly allent the amount of re^^tauee whieh il olTe-ni to tJii 
eurreui. aiid tbe inHuanee of this change ui tbe voltainetet itt 
p^reeptiblo when a battery oonaisting of a few plates which ex 
a lar;ce surface is cinployed. 

Tbe preceding cousidcratiotis will render it evident ihac WJ 
Eriicral answer <-uu be gireu to tbe quc&tion, ' What number ofctlb 
should a Imttciy contain to produce tbc grt'atcst effect?' He 
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rcro-iuocivc forcc^^ E, \axiv9 in nmonut «it)i \\xv kinil of 1>iitt<<ry 
which in imnI ; th(T ^-nlur^ f<»r if mi<l r will nifo vniy irilJi Uip vuy- 
in^ circumstiuiccM of tKc rxpf-riniciit. It in foaittl thnt m'dy 
cliffvnmt ^irmiigentcnt ivquin** tin? i?ru|>l(iymi*«t of it (lint) net 
liDiutM-r nf t*tM* in, (inW to oliluin frjim it the* maKiiniim effcvt 
witl* thft lejwt n])rnfttturt^ of fltinr. Thi* rmmhrr will m'cii vnry 
with the aamf^ frtnn of lKitli-rj% aorYtrcUrii^ (« i\\f wixo nf (hi- hntt(*ry 
pkUs, tlie le:igth uf ^-m in the Hrouit, or i\w tmlun; of Uie fluid 
oonductcir in the itecomponnj; cell. It may he Mated, IiowpvcTj 
M a goncml priiunple, that the most ailvftnta;rontM f\TwX is obtained 
wbcB the TBlue of A. in the formiila ^§^ = A, most nearly 
approadie* 0$, B mul R, r^i Ix^ing = j - in othrr vronl^^ tho ad- 
Tantajre U grcatesft when Uw 0-it<*rior ro^istiuioc^' — -vijt,, thow of iho 
concliicttn;; wire atid voUaineti^j- t<i^ther» lire equal to the 
sum of the resistances due to the battery itdptf: it may there- 
foTG l*e coudurlM that when the exterior re^staiKc ia triHintrj 
M ususlIIv occurs whtn the circuit ia metallic, and not of very 
great lenf-th, little or nothioj; i» ^mcA by cra|*Io)'ing a lar^^e 
ntttnhcr of eells ; two or tlirce platcH of lai^c siirfHCc being the best 
iimler wKh cirCTimstancCft ; but that where u c-OTisiderabh? ehcmicjil 
n»i«iljin(x^ in to be overcome, power is ^liiictl by employiug a «rif«, 
jnantLTon!* ill pro|iortion to the rc^ist&noe no iutrocluccd. In no 

f^, how^'ver ik it pO!»-iible by the u»*e of a Kcrics of plnte« of 
anifonn dimrtiMtonN, even if of tinliniited rmmberj to proclncc a 
chentical action greater in amonnt than that irhieh would ocnir in 
a ftiugle cell of llie arrangement m vrhkh the circuit was coui|iletvd 
by a atoiit metallic vrire. 

(240) WheataSont^g RhfOBtat and Resistanct CgUs. — Cvuided by 
the principles which liavc just been cxpJabed, l*rotc^Qr Wheal* 
atoiie liaA eentrivcti an apjiumttta \yy nliich measured amounts of 
re»»u«(ancc niay be intiod^iced into tht; voltaic circuit: if the effect 
nhich sucli added n»istiuicu ha* upon the iimount of thr current 
iQ circuhitlon be metuurcd, the difTcrmt vnlue* of E, R, ond r in 
different mrrangcmentA, may Ixs dcducicd by a simple enlculntioa. 
To thi^ iiLAtniracnt Mr. ^MlotltatotlC hiu pveu the name of the 
Rftc^tai, It i* repn-senti^ in fig, 18^ : ^ la ft cyUtider of vrell 
bftkrd vroofl^ i j inch in diumcHer and 6 iueheB in iev^h; it turni 
omlr upon a horizontal axJK } ou tluH cylinder a tpira] groori^ u 
eul, the threw! of wli<-'h t'ontaina 40 turnn to the incli. Thia 
groove TunJi from one end of the eyhnder to the other^ ai\d m it 
in coiled n hnxn wire xie inch in diameter: A i» a brans cylinder, 
placed parallel to ^, and et^ual to it in diameter; the thin vire 
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upon ^ i« connected aX th<t end i vith a braas ring, nnd it fc 
othirr extremity u altnchctl t<> tK« cyliuder, A : at t w ft n^H.i 
«priag, oiiG eoid of which in c<>nn(^-tni witli a 1niiding-«crG», 

Fjo- 187- 




Uiv otlKT end of whi£!)i re<ctA n^imt Ulc hni&s Hug, nnd effects 1 
comniQincjitum with oiie wiic tjf the but 14-17 : ^ tn n luoivaUe 
kisy, hy vbidi tJii- wire cmi be wouiiil U|m>ii tht? bi^m cyUudcr,<ir 
by tmrL^ircrriijg the kcjr tu the a-vis of ^r, it can be uuwvqimI fram/t, 
Uid rcturued to tho wooden cyEiudor, ^. lu ooiimxjuciut: gf Ow 
nnu-ccjaductiuf: quality of dry ¥rood, the cotL) of wire cm tlic 
in>od<ru cylinder urc itwalittcd from coch other, ao thai t!ic ciiratat 
travor^ccL the wlicic length of the viirc coiled upon thU ojrluidcr, 
Imt the coila not being miiiilatrd from each other cu th« boM 
cylinder, tbt? ciinvnt inimrdi.itcly jiiukcs from the point of conbct 
to tbo bm«« fipriii^ Dt k, wbiuh iv hi communicatiou with the viber 
wire from the battery, A ncalc i* placed bctwem the tw« 
ejlindcra fur t\w rimvnTiciif*o nf «>c»ilin^ the mtmhc-r of codi 
iii]votin<), and tht; frai^lioiiH of a turn urcn.'atl olT ti|ton a gradustnl 
circle, w-liicU i% traverMnl hy an index attaclu^l, a» xliown in tLe 
figure, to the axis of the cylmder, g. 

PmfesAor >VbcatBtouc takes, aa his standard of rc«i«tADOix the 
n^ifktanoe protUiccd by ei copper wire, 1 foot of which w^u 
exactly 100 grnitkd ; its diameter if 0^071 of mx iuch. It ia wamt- 
times ncccasary to be able to introduce an amcun: of rL»iaance 
into a circuit much gr«il<T th.tn can 1» efTcctcd by mi^aiift of tl»€ 
rhoo«tat^ For tfuH ptupoe^c ProreMor Whcatetotic cmplofu ibe 
Reristtm/t Coiln^ «boviD at it, %. li^;. The»c coila are 
of Gne copjicr ^ire, via inch iti diaiuctcr, carcfally insckied 
covering them with ulk; two of tlH> ouibt ore 50 fcct ia 
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oAcTft, lOO, 300, 400, tftnd ftoo feet long* Th<^ riKb of cjich 
roil arc attached to ^M>rt tliick irinv, tlxcl to the U|>prr Sktxn of 
tbe oj^liiulcnij which nerve to oombiiic oil the coils into otio coiu 
titiued len^h of 1600 fret of wirt^ Two vlrc* prooMid from 
iluf extrvmituu of the ctiiUj bv wliicK t]iey art* iitiiu^l to the eircmt. 
On th« uppcrr fftce of each o^'lliider ta ft ikniblo bnuui Kpmig, uiox^* 
ii'»lc romiid ft cM-titm, %o that il* eiJcU oaii be miule to rest Upon 
tbr thii^k bnisH wtnM, or nni bt- rr-jiiovfHl from IIh^jh at pleftmro. 
When the ffpriiii^ re^tn ii]>oa the wirert, the eiirrpiit pHJuteA through 
the frilling instead r>f thisiugh the coil ; but when the sprtug nvtA 
upon the wolmI, the current mufll pass tljTough ibo (wiL In tlic 
figure, ftll the spring are shovii as resting upou the wires : 10 tLta 
Ga«e none of the coils air induclL-d in tlie circtiit, biit hy turning 
the spring of any particular coil, ^o, 100, 300. or 40D y^anb of 
wire can, in & moment, be iiitrotliieed into the cirtitit- 

Ttie followitjg is Profe«ft>r Wheotstone'H di'^niition of his 
method of tL^cerUuiiing the stun of the electro-mutive fi>rceflj in tmy 
Toltw cimiit or circuits:— 

' In tno eirctiit« priKlucing equal e1e€ttx>-ni(>tive(or voltaic} eflccta, 
the fiiim of the cleetro-motivc forces divided by tlie taun of tbe 
rcaLstaneca ib a eonitant quantity; Le., ^ = ^: if £ and R be 
profiortionat«ly inrrcn«-<l or diuiitmhcd A m\\ obvion«ly remain 
tiuchanged. Knowing, thcrcfurr, the projHjrlion uf nsUlanrea in 
twu circuits producing the »ame effect, wu are able immediately to 
infer that of tlie electro-aiotiTe (brecA. But, as it in ditiicult in 
nuiy cases to determine the total RUfltuicc, eonAisCiii;; of tbe 
|Nuttal rcsistancea of the rheomotor (or voltaic rombinAtion) it«elf, 
the fcnl manometer J the rJuMi^Iat, &e., ! have reooui"sc to the 
foUuwiiif^ simpk process. Increasuig tlie resistance of the first 
drcruit by a known qaautity, r, the cxprewion becomes f^- In 
order that the effect in tbe *en>ml circuit shall he rendei-ed rqiial 
to tliia, it t!i erident timt the midt-d rfniHtniice must be multipUed 
by the same foctor aa tliat \yy which the electro.niotive forces and 
the ori^nal rcsistanceA are multiplied ; for ^- = ^f—,- THo 
relatioiia of the Icagthi^ of the added rc!ii»tinic*"3 r, and n r, which 
nre known imincdiutcly, give therefore those of Uie elcctro-rootivc 
forow/ {Phii lYans.y 1843, p, 313.) 

&up|>f>ie, for example, it be desired to compare the electro- 
motive force obtained from a ttlngle pnlr of zinc aud copper jilutca 
In one of DanieirH o^^ll*, «ith that of two pairs of the same 00m- 
Uoaiiou, the following will be the mode of eoudueting tbe 
oiperiment; — Litcrpose the ihco»t&t (fij^. iSy) and the galrano- 
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mclcr^ B, m the <^rciiit olitainoxl fron> tho singlo cfU, c i tlicD, 
CoiUoir or uncoiling the wire of thr rhrosliit, bring th* 0€0*li<r pibtiIt 
to 4^. Next imonil tTM< wire ol' thi^ rluHifttnt^ &ml covini tho tiuiQlctl 
of tumn rrv^iiirrH ta brinj^Uir itoin1lnto40^. SuppoHp tliirty.fiv^ttmisl 
«,nMT*|tiiw'il: tliisiiunilii-roftiinu mity Ik* tiilii-nUnvjirrJipnt th^-plnc-I 
trO'tiKitivr torcT iit' tli(- ctiinhiiuitioii. Now iittiYidiK^'- lUr two rrU^J 
nrmtiKi-d ;u«3i ncitnjiouuil crircuit, fltc, iitttevl ofthexiii^lroell. 
the nt'ocllr aw Ix^foi'ft lo 45°, ititerj)OAi»i: one or more oiihe nsuttm* 
coiLi nt D, if neixkfl, by turning tlie spring ti|*oii tbe vood of Aa 
Teelfl, aim) ccmi|)1ete the a4i<^^^^ ^y codling or uiw^litig 1^ 
wire of the rlioostat, .V^ain uncoil tlie wire ot the rheostat tn^ 
the f^iilvanoiiictcr needle stands at 40^. Seventy turod, or tirice 
the number previously retiuirDd to produce this eflfrct, will noir be 
married. Tlic oleLnro-motivc forcc« in the two cilscs ore thercfort 
iM thirty -tivc to i^cvciity, or u« two to one. If instead of amo^ g 
tlie two cclb ibi n cx>nLpotind circtiit U10 sine plate be conoKlnl 
vitli til* other riiic yltkte find llic eopjier with the c«p|)cr, so cs to 
fonn a Mtif^le etrniit, it uuuld Imvc rf^iuired tlie intcr})0«it>oii of 1 
grcat<^r re-HiHtaitee to raluo^ iUe needle to 43^ to »tart with Hmk 
vben one roiJ oidy W4w used ; but only thirty*tlve tama of ibr 
rheostat would Ik needed to bring the nccrfledovm to 40*. Thi* 
cxprnmcnt *hows thnt the cIcctro-motiTQ force ia not altered by 
mcrestiing or diminishing the size of tlie plates. 

Tbi; dcctro-motivc jjowcr of nny eunibiiiatiun may by meansol 
thLs arrati^^cniciit Iw vompnrril with any one selected as a statidaiid; 
it W1U in thi> irny ibut the results oa the comjMiris^m of tlu* elixlm- 
moUvu cJlects vf p]atinimi,»iLC and poiaNutiiD (xztt) were obcainod. 
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Froar»ie9 q/ Voltaic Dis^^ar^, 

(141) Having now renewed the principaJ circnn>staneo 
which iitlluuncc or exalt tlio nctivity of tlic roltnic buttery, 
wo uiay proobod to eiumitic thv pbotionii^ntt whk'li ore m 
fo4t«d when a potverful i^ouibirtntiou ik brought into a^-tion 
oonnoeting it* op|x>tkt« o\trt-mttiea^ Voltaic action ik cjihibitcil 
only during the prot^e^n of dtftrharge, far the enm'jit iit a 
contiiinnus siierewton of diM?liai-ges of the electricity developi<d ntnl 
niaintainc*d by the eontaet and chcTnicni aetion of the foate-riik 
employed in the constmclioa of the battery. Tbe diAcbarg^ of 
ttie voltaic batlcry may, like that of the ordinary madiine, li 
cooffldenid iukKt three heads — viae,, the di!<ichargc hy conductions 
when the einruit i* eomplctod by a wire or other good sol 
conductor; tlie diMdiitr^ by diirraptiofi, in irbii^ case a ii 
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app^fl-rauec ia rxliilitt^^ Uiroti^h n rhmrt inirrvid of noii^ronflucf ing 
lUAtCr^r ; aiu) tbft <li>chtirffi< b^ conr^ion^ vhicli tiikr« jJai^ in 
liquids, and is aoccKn|vink-vl hy cbanicJil ftCtJon uu) Craii«^ft'n'tii*c nf 
the particles of tlie conductor, 

(242) Condutiwn, — Id tM ca^es where eloctricily \9> in motion, 
irhctlicr it be cxcitod hy chemica] a>ctioQ, a^ in the ^-olLiir |iile, or 
by liii-tioD, QA in the common electrical maoliiiw^ the force ia 
Conveyed by the entire tliictuiess of ibc a>ndticUiT; the cbai^* ia 
not confined to the surfaci?, as oecun when tbc povrcr U ^tatiouiry 
and produiMi^ clfcets by iitdudiou only. In such » caso tho 
induction, as in cleutnciJ phenomena generally, occur* betwcn 
one tmnKTcrae wction of tbc oondnctor and the a^jacinit Mictions 
immediiiU-lf before aiul biOiind it; nnd but n nmall |irop<irttoti €f 
t]ie induction, trnfficient huu-cver to !i4* distinctly nuiiiileAt, is 
diTcrted to sniToiiiiding objec&t. lly retLuriiig tbc thickue^ or 
diameter of the conducting matenaJ, a Urgcr qttantity of tlic fi>i'ec 
is compelled to tra\^er&o a given nmnber of conducting parUclcs in 
tli« uunc time, and a great etnatiou of U!m|>cnLturc is ihtu 
produced. The heat may me sufficiently liigh to oauifc igni- 
tion of tlic vrire, and this if^niiion may be produced at any point 
of tlw citXTuit, «> as to produce ibe cx]>lo8iDn of a chaise of 
^univjn'ilur viuik in the depths of the ocean, or bnrieil withio tbo 
RXcjNu of « mine ; tlic operntion« of bln«tLii|; may tbu» Iw inaitc 
to anomo a dcf^roc of c-evtfiinty And of safety hitherto unattainc^ 
hy othetr tneonfi, since the nionmtt nt which the di^hju^ nEmil 
take place bi al)Aolutely under contrcjl. 

Elotatioii of tcrn^K^ruturc: dimitilnhc*^ the ronduciuig power of 
tho tnotuld; a good cxi)criiii<;ntul pr^of of tbin fact ia afforded by 
tFannoittiiig through a plutiuuni vire, avQltalc* cuncnt of miineieiit 
power to m«e tho wiru to a didl rod heat; and wluM the curreta 
ia stiiL pufaing, iguitmg u loop of Xhi^ xiire tti the flame of a Hpirit 
lamp; iho te«i|>eratur<? of the otlier part immediatt?l> falla, oviug 
to ihd dimintHht'd aniount of electrieity wliieh traverses it, in non* 
sequence of the iuerf.'iMKl resistance olfcrcd to the passa^ of the cur* 
rent by the strongly ignit€<l part of tlic wire. If a loop of the wire 
be cooled by immersioa in water, the oppot^ite eflect is produced ; 
for in Uus ease the reduction of temperature at one |H>int cuiihU^n 
n laiger quantity* of elcctneity to pan through tbc wire, irhich may 
tbua Iko raiaod to a hcit approochii^ ita point of fusion. 

The ccndjctin^ power of the difftrctit mi'^VxU for clectncity 
rnrica nearly in the same order lu tlieir |>ovrer of cduducting heat ; 
, btit it u remarkable that diArco«J^ though so bail a comluctor of 



heat tnininn its deotridtT with threat fftcilJtr. Th€ nK^nTTtnwntcf 
tlic comlucliag poncr of solidi uul of bquiiU for dfidricH]? W 
ovcitpinl the altcution of muir of the tnovt «liKtingu]*ke<l pfaib^ 
wJiihi-i"*, An iugciiiuuH niclhud wiw |m>p(»«l maay yttr* ap) bj 
iL Beciiii^rvl wlio couatnictcd n differential ifalvimomeUr,m^lAA 
tlie Decillcft were MumMiuded by two ittftuhiUfl copper viroi ft\ 
OJUaI Ieu}ctb aud diaiaeler; they were coiled in the uBi\al ny, and I 
tbnaed mo )ti<ic|keudeDt ctrcuit^, ao that the gidT&iwmrtcr bid I 
four tamtiiiAtionB iuittewl of two. ^^'lkon two pcrlcctty fqml I 
currt-tita were tnmamillcd, oue throof^h t^ach *irc in opiate 
directions, they cotactly neutraliJEeil each otlM-r m their effect ti|«n 1 
the iii*c<l)c» which tbcroforc remftiucfl etatiouiury ; hut If dtlur _ 
currvut prcpandcntedf a corrcsp<mcUti|c dcvintion of tlie aeedk 1 
OLvantottecL To uw the iustrumcnt, a iimall voluiic eanibiuoliia 1 
wus ocuuicctol witJi the galianoaK-t«r, two wtpsa ])iiaftiuf^ frm 
each |iole, k> w U> divide i\n; cnrrmt into tvo cs.Actij fifftilj 
purtiops, oiw hcing traiutitiilti^l tliruugh ouc of the coils, thfrotlicfl 
through the •ecuud co^l in tho opposite diircitoti. ^Virva of tko] 
dilfci'ciit mecaJM wtrc tKeti intnjdorv'd into the two circuit*. If 
into citlier circuit a t'ondiiclor of iafirricir power were iiilrodit«*d, 
thti ctimcat iu that circuit wv piv>|jortioDat<-Jy diniiui6l>cd,aitd tko 
nccdU* wtm diblurticd; liut thtt M^uililtritEm coidd bo rcttorod by 
iitrri*-<uiiii^ or diminifihifi^ the length of one of the wtro* : thra 
by comparing the length* of the two wiiva ihm intrndticvd, 
tlirir rrlatiTf* cnnduclirii^ power CiMiid he iufcrre^l. Hy miani 
ijf tliM instnimciit, conjoined with the tifte of Tklr. WhratAtonc'* 
rlieoatat, M. Bccqurrrl, jun., waa enabled to mirfisiLfn tl»t coa- 
ductin; power of a Dumber of wirca of difTereut metala, with 
precuuou (Atm. dc Chimit I't tie l^Jty/r. III. x\u. 366). Tho 
leUtire eonductiDK powers of the uirra were ohtuncd by 1^ 
eertatiiini; tlic leti^lis of the rhcoHtot wire, which waa re^uirrd 
to rcsloi^e ilie et|uiltbriam, wlken wiirs of ditTereot melalk were 
cmiJoycd In fifc* 1^8 U exhihiK^'d the umtigorotiot ibdoptcd 




in these expcrlmeuts. o 13 the differential galvanoiaeter with 
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virc«^ t and 3 bfitajt the (prmiiutiniu of ouo rail, 3 Knd 4 

of the other cx>il ; h, « roltair? pair ; b, the rbcofttat ; anil w^ 

lUlhc uirc. the raaUtADoc of whieh U to be iDcamtml. Tliix 

J* tttrctchnl vid iusiUat^d betwef!ii two binding cUnip*, a 

*li ; s t, IN A copper m^Ic irith linear Buhdi\isioEifi for mnsfliinnfa; 

IOTi]7th of the wire wbich 15 included id the circuit ^ i>j is a 

eUmji of i?0{>i>rr, ^bich can he tnnde to rooTt* in cither 

:>Q akM^ tlie nalt^ «, and cui be connected witli w^ at ray 

poi&t, hy ihc damp ut d. Sup|KiftC tlw reMataiicc of m 

^len^^h of v; ia to be mdu^urod* The ctirnint from it ih 

into two portionn ko mt to tend r-iu^h in o7)]iQBitc dircdiou* 

(h the gaU-aihoraeter. One half of the batt^t^' current i« made 

wiwi*; ihp wire,///, uj» the clamp, d, and Ihroiipb itart of 

^e, it; the otbcT half u transmitted through tho rh<?o«tat| iu 

tiou fthown by the arrovB. Uy coiling or UaooUinK tl»o 

of Uie rbLsjBtat, the two eireuit& arc rcndeicd CTtactlj" equal, 

tUv tivi-dUrof the galTiuiometcr &kall »taad at o^ Noir, if 

tmclampodr and tt be cauiwd to «liite thrcwgb a drfinito 

uy twelve inches tovant« », the cquilibriuin of the 

net nill lie deitrayed ; nince the rcnistauce in tv L* 

vthllat Uiat in the rluHji^tiit rmuuna unaltered ; but by 

ljuf( Uie wilt? of the rhtxwuit, addition^ rvtsisluuOL- i5»n bo 

hKKil itiCv tlitfarcuitofwhichit fomiKa |iart; tiiccijuilibriam 

thus be a^in ici^taral, and tlic rc^iAtAot^ nf twelve incbcff <4 

ill he |;i*vn, by countiug the Diimbcr of coila of the rheostat 

ircd. The oompanlive r»iiAtane» of any number of ditfcreut 

Unnm lulnMluc^rd at w mar tbu» h« rcmlily aocerlaiood. 

ITic followiiLi; taWc cxhihiCA the coudnctiuf; (jomtt of wirct of 
i equal Icii^^i aud tliuinvter of rarioua mctuU aa dotennincd ^yy tiuM 
The nwreury vraa plansd in a f^laaa Cnheof unifcinn diameter. 

Vonttudittff Powrr of Metalt for Ekctrtdty- 
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unft ToilikI llinl nuiir-Al^l niinaU <Y)nfliir*tHl la^lU'T Hum tbiwt vliirl 
hiul not urnkrj^iiK' tliU |in>(x^i&. The efTect et'en of & mod^ivtr 
ele^iUoD of teaipendun; in redudiis: ^e cyuwiuotiiij;; |»irtf « 
rery contfidcraMe, a«) trill be <!vidcnt by inspeclinff the ftosti 
columu of t)|;xirc!^ in the Utble ; tkoii^h tie amouot of lb 
recliiet]i.)u bears no uniform proportion to tiie conducting powa it 
^2", m will be eccn by pxamiiimi; the third ctjltunn ; the miiximiut 
cCTcct is produced in tbc cndc of tin; in this metal, if tLc eotiduo. 
tug povcT ftt 3^*^ be eixtetrn, it will l»c ton at 212^* 

If cqiial aniounbi of cloctricitj he mode to tni\'<?nke trim rf 
difiiTTiit Ri<-tnl» of oquiii Irtif^h and diaractcrr i» the uune inirrr^ . 
cjf time, tbc iw of t^nnp^TiUnn? in tlic wire is invcnely i)m|)ur- M 
tioncd to it* con<lu<TUng jwwit, fin<l iherHorc the Ijclter ike " 
ct>adnctor the le^ heal doi^itciniL Thin haft IxH^n proved h; 
Snov HarhA, for cli?ctriciti* from the coumian mAchine, by mcaiii 
of an air Uicrmnmelcr, acrtwi the bulb of w hicb were placed irirEs of 
different metals of equal Icnj^hsand tbicVncaa(209^rj>), TtiegcnciBl 
truth of tbc fact may in the ease of voltaic ekclricity lie mdelr 
but strikingly dcmonstrntcd by tAkin^^ a vim of silver and ODCUf 
j^Btinum, ciicb of vincrlly the wtmc* diucieter, aiid fonning chcn 
into n coini|K>und n-ira eoiunstiiig of altcrimtc links of thi* t«0, 
metuls. A cnnvnt of C'lcctricity muy be trunbrnilU'd tkrougli tkit 
coni]>ound vnrr, of attich b. (Strength w to Iteat tlic platiunm lo viMbU 
rrdnew, whilst the nUvcr linkv will cxhili^t no «ucb intci;»c hc*t, 
thongh t^iu'h link of ttic uirc, from the form of the e^pcrimentf h 
mii^t tmii.iTnit e<jiiftl iiiutntitiea of tlifi foroie in txguol tiracv. I 

ADoyi arc gom-ndly f&r iuft-nor tu conducting power to tJic 
metaU whit^b compuic thj^m. Attention to the puri^' of tlic 
metala employed in aaoh expcrixucntx, in t^ierdcire eiuentiaUy 
Bdocuiury tn order to obtniu itec^urato oomparativc rtnulCa- f 

A curious ob<bprvation haa been made by Mr (Srove {PUt^ 
TVynzjt. 1^49, p. 50) upon the intluciice of the ambient frasooiu 
mcdiuin on tbc heat eniitt<tl by a conducting wire. Tbc followi: 
dpcrimeitt ilUi^tmti'fi the point very clc^arly. Take tlinx' 
of stout copper wire, bend them into tbc form shotrn &t w ir 
^HC^ t^Qj and attJU'li tliem to u weighted buanl, Ijy vliich tltc lo' 
part of tJie bcuda can be sunk bcueatli the nurfaec of water 



i 



* Ph>fc«M7r Whehtstoao. Id lit* pnpi^r already c'lUA (PhtK TVoiw- if 
df«orib(S ■ ifery simplo \>lan of a^'a^Hrintf mi'lftlUu n^MitaacoJ. 1^ 
finipIoyin««it of vkordiiKLiy g&lrAiu>tiiHcr. Th« wh(?l« p^tpcr iit woU iroilkyTil 
of A»eiiCir«tiiidy. 
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i^Mincd kii ft kIiaIIow vr!S)ac]. At a and h, wUcre the iriree project 
■nljovv the? aiirfaop of the vtaWr, „ 

' tneaiiH of uptnilit of ^nt. ]ilHti- 
nuin win', IkiIIi i^fimiU Ik-iiij^ 

' cqiuil id U^ti^rli, juul 4^iu;h cut 

Efrom tlu! HAine vire. Ha<:h 
apiml will thuH op|i09e an Belial 
resi^tauce to tlic passage of the 
cunvnt. When a voltaic current of a certain iutoisity U tnuu- 

f mitted throu^ ihc wirt% w w w, t^oh spiral^ conscqnctJily, brcomM 

' hCAt«d to the tfamc ilcgrcc of risible ignition. But if two similar 
JAT%, one. A, filled with air, Uir- other, ti^ fillctl with hydn^n, be 
invertwl out ihem, the wire in the jar it imniiHiiatoly wwhcs 1o he 
luiuiiiomt, while that in a 1iecome» more tntini^ly ignited. ThiK 

\ superior oooliii^ nation of the hydrogen is no doubt due to the 
su|>eTior uiiihility af the pnrticlei of the gaa over thode of air. 
Other ixaBCA, lif^liter than air, produce an effect auuUar in kind 

, but smaller in degree (146^ 154). 

Mr. Urovc varied the espcriraent by enclosing the wirca a 
and b in ficpai-atc ^\a&s tubes, and sealing t}Kxa up, one in aa 
atnioqpbcrc of air, the other in an atmoi^pherc of hydrogen. He 
thni included tlicnt both in the Htmc circuit, m tlmt th^y should 
tniunnU cqnol i^oiuiuit^ of elertridty. Before tmii>mittiiJg tbc 
cTUnviil, liowcvcr, encli tube vras itimiei^v^l iti u rtepur-ttt? vowel 
which <x>iitiiiiicd a wdghcil ifimiLLity <if watt-r, llic t4-ni|K*r4tuic »f 
vUicIi Kiuft aoctirulely <jl>!^rvt:d. \fier tlio current had been 

{ alioved to imvhs for ft certain time, the temperature uf thr water 
whieh Burroiindeid each wire wua apLiu observed, and it was found 
tliat tlic water which was aruuiiil the tubo which contained air 

. v&a oon^idL'inbly hotter than tliat which surrounded tho tidic fitloj 
wrth hydrogeu. 

Thii it«ult, paradoxical aa U appears, and aa it aecni^ to have 
bewi regarded by Mr Grove^ luuAt neccawinly follow frdm Ih? 
operation of two principle which haTC already 1>ecit cxptained ; the 
first of the»c w that the renntancc ofterrd by a metal to Uic 

I paiua^c of clcetricity is diminisbed by redudn^: the t(*iD(Ktratttre ; 
and the second i^ tliat tiic heiit evolved by n cturcnt in pai«Ain; 
through a eoudnetor is iuvcndv as the rt^iAtaace whicli it ex|)e- 
riciicesi. Now, in this experiment, the primary ellect of the 

IhytlrofKen ia tlic ro'jiinjc of the condiKrtiuff wire; ^nd the consc 

^qtience u (hat tliU eooled wirej in tramuiitting the aami^ citrrcnt 
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OM A niuilnr vtrr in air, cffLmt leitt rc«iAlanoe, aud Ims hmt is 
fore cvoKchI by the wire surrouiult^i) by the hy<lrog«i than by 
utri-* whioU H fturroiuK It'll l^y air. 

(243) Lii]uicU arc very inimnr to anlids ia coDdnctiag pow^;J 
imt^, the difference between the two el&faefl of bodies is m n. | 
trcmcllmt it isdiiBculi to institute an ttccuratocompuisonbisiivn 
tbcRi. Tbc attempt, hovc?er, has been made by Ih[. PoviUd; 
ttifiumid^ &a tbc ttoii of comparison tbc <x>uiiuctiiv: power vt 1 
solution of mlph^tK^' of C4.>iipLT »^tumtccl at 59^, he git'Ci thelbi- 
loving u the rclAtivc conducting power of tlie tutdenueDtioaid 
HulutionN :— ' 

SAttinit<Hi «oliitirin of *u1j)liBtf of copper • . i 

Ditto, diluted Tritb an efjiial bulk of n^tcr . c&f 

DJtio, diluted yriih t^tice it& bulk of water 0*44 

Ditto, diluted vrith feur times its bulk . . C31 

Distilled water <yoo25 

Ditto, with To^hra of nitric add » < . . o^'5 

Pbtinnm wire vsoo^oocoo 

Tbc ccn^uctiikg power of il pUttDam wirtj of adionictcr wtd Icngtk 
equal to that of tLc interposed columns cf liquid is pnjbaUjr 
cstiinntcd too bigli. 

Skxcc thc-sc rei4iilts of ^f. Pouillet's wore puliliiJiGd, tli« tub^f 
ject of tbc coiidtUTting povcr of liipiids Iibls bcca rcKumod liy 
£. Becquercl, m tbe paprr iJntady ritc^d. fic klutc* that 
solutioDH nmy hcdivid^'fl Into two obuwis; ia Htc iirni, Ibei 
u\f^ ftowoT tncreuHMi pm^nw«ive1y in g)ra{HiTtioa to the fttren^tli li 
tbi' Holittion, until it Ih'.i-oiik^ sijiliiraUsi ; Kiiljdiate of copper md 
ebloriile nf sodium aJfurdintf iuxlauotrat of thla kind: vliibt in llifi 
(ciKiiid clad», of which nitrate of copper and sulpliate of sine may 
be taken a» exaiJ)j)le^, the cotiducting power iucrcasev wilIi thfi 
de;jree of eoneciitratioa itp to a certain point, beyond wUch it 
diminishes as the solution hcooraes more nc^ly saturated, lie 
salts whiL-h exhibit xlm pcculianty arc either delist ucscciit or ex- 
tremely soluble. The following table contains a tcv of M. E. 
BccquL-nJ s results. Hie saline liquid« arc to be coiuidered as 
taturnted unli^bs otherwise spixrificd. 
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is not «uqtming thnt differeiicea so conaiilerablc HhoiiM bo 1 

id between the con<lu(^tiii^ powers of liquidft aiid tlinnc of fl 

the ppoccfises of comhiouoa iu the two cases are ewc^atiilly ^^H 

tt, lu liquids chemical dccompositioii and free ntoiement ^^^| 

COTDjKHieat partidea arc indi^pctLiablt^ wliiist nothing of the ^^H 

ikGB pL«>c in aolidA. Tliu t^tTcctA of heat arc evai uiverted H 

tiFo caAcSp for csprriincnt v\n>yn that m the temperature H 

»c conducting |>owlt nf the liipiid rapidly incrooj^cs; uocord- H 

tJK. iJccqucrul^ the condtK^tiug power of mnay wjlutions at ^^H 

r. is thiYC or four tiineit a^ great ad tliat of the mkinc sioludon ^^H 

1 F. ITio-sw piteuomejju, ihtTcfure, are lUc reverse of tli"i*<i ^^^B 

p-icl bv iiKiett 9M>Udti, Kv^pttoaa, bowcvcfj occur: Far:iduy H 

iowii tiiui vidjihidi.- of &Uvt^, wbeu cold^ ia au inauUitor, but H 

femiiig it gmtly it be^^na to couduct, atkd vhcn hot it afTi^nla H 

Bt tike A loetal; a liulc b^low rcdacM it conducts auniciciitl/ H 

Intaiu its conductiof; power by the b«at of the currcut irHtch ^| 

BuoitH. Sulphido and Huoridc of Iraul, ajt wcU a» iodulu of H 

wjf alao osUibit tho <wmc gx^cidiority. <>ln#fi» whm cold, t« aii ^M 

ptLt iuBidator of tho okctricity de^vi!iIi)|iod by IrictioD^bia «hail H 

1 it (inducts, aid nlim red hot it pouiosMCA Hcnrrdy any ^^ 

jUiig |>nvrcr, Thrju^ okJtc* bav<* Imvd tracrd ti> n partiii ^| 

eal do<Himpi>H!uoa nf th<r i^m[>oiiurl (Bt-i^tx, PkU. J^foff^ '^54* H 

[). ^f^1Ml liqiu'lirvl by brat, the^e ixtm|W)iiiidA all undergo H 

^d d«compOfiitioiir ami alien tlie current to j:a** freoly. ^^H 
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(344] Conducting Powtr of CoMa. — Oa«cft arc nlmont pcrfoi 
meiilatora ot' the Toltoic fnirretit ; Although 9om«^ fcclile imIIu- 
tiotiii of conducting powir hti\c Ix-on discorcrcd hy Haukcl, br 
£. Bccqturrd aiid by Buff, iu n Iu^IlIj- raTeB«<L atmovpharc, b«tireto 
metallic Mirfcuxv strongly ipiiu-<l :iii() in dote ajjpruxiiiiattou, 

Mr, Grove baB bUowu, bon-e\or, tbat in Hume m currcui of«lce<J 
tricity U uot ouly trancniitt«ilp but that, thore u endeooe of ita 
|)rodu(.-tioD by the cLeniiral flctifmn uhicft ocnir vritliiti tbe iamiL ' 
If iMio |iUtiniiia tnrc« br coum^tc^ with tb^ cxtrcmilira of a pl^i 
¥anomf4er, tli^ free mdft of th« plutinum bang tirirt^l titot] 
smflll coil, ftnd one of tbt' pbtiriiini wirra Ix^ing inscTtrd into the 
root of the? blowpipi^' ihmv nbilft the other is 'luiroducctl jitK a 
fixmt i^ tlic n]>cx of the blue cufie> n mure-itt will be uKlincd 
pawing from tbti nvtt to the ui^ex of tlic Ibuno. By fonabf 
Wfvend jetH of Hume tofcetherintoa <^[iii:|K>utid circuit, Mr. (iroii;bii 
succeeded] irt deooin^iOflin^ iodide of j)otftseium by mcatut of thi 
cutreubi obtaiiieil b'can tiaoie: under ceilaiu arciunstancva^ ho«* 
over, ^vhieb wc now proceed to ooIilxt, highly heated j^Mnm 
matter ap]vc-ar& to transniit voIiaIc power of high iutoisity, ami ik 
phcuunioiia thus displayed arc of a mu«t biilliuiit and rmiaruhfe ' 
kind. 

(245) Dbirtiptive DUrlnrr^r: — Eiettric />»^Ai.— Wlicn t1>ccv>i 
rent U gn?nl*-T tlwn thv concUuior i^ able to donrey, the inie' 
nurJts aiiti U <ii*|M:Tr5»e<i in ^-il{M^llr; rtifinnrtivc diNchargo, in lad*^ 
occult b'ram a powerful voltaic K-ictr?ry tliiK diaru]Aive di3i«har|Q^ 
niay be maiiitjiitii^t) contiiiuou^y, oHin^ to ilie euonnovs qnntit 
of electriciiv in cimiiaiicm. 

If llie air be rarefied between the iiUcmipted condtidort, 1 
blpifBl throu^It \itiicti the di»chai^e ca,ij be effected may he* 
ridJBnbly bicre^iM'd. 'riiiL» the licm develupccbby tlie paaAage of 1 
Gorreut bctvfccii two pieces of charcoal, when ihcr arc in oout 
will caiablc' them to be tcpamtcd tor n conndcrnbic distAJtcc nilho 
mtefrapting t)ie piuwftgc of the current ; tbiH difttnncc Ttn^eis : 
f inch, to 1 ineh wh«D a aeriee of tcronty of Daniell'^ eella tw«at| 
inchn in height are eroplovMl. Sir H. Davy, with the 
battery of the Royal ItutitiituJUf eutntixtiug of iooo pnim of ptotca 
on WollMton^M n3D»tructiou, obtaiued an are of fianut, Im 
ehareoitl poiiitic, four iTielieft iu lefif^h, and of diucxlinf briUiancy. 

No diJiibt the traii-tfer and i|riiitiou fif the aolid p(irtirU*H ronJ 
tributeH mati'rially to the produetjon of tlifi inteiiix^ liglrt whic 
may thus bo |irocurcd. A cavity is alwaya |iqrodiu*i!d in thff 
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^'dtarco^ ^itUiclurcl to UiB wire wliic^ m UMmcvUn] witli the l^uit 

Mtttkiiiu or ci(>)j|inr p3«t« of the luttcrj {iho uuL^odt', 247,3), ^"^ 

« tht^ naii>c tiitu: & uifunillatcd tIc|io-iitj wliidi cuuliuiuillr iiicreaai-4 

i Icii^thi hf fonncd u|xin tUc ch&TCoa] in coiuieiloii with the vine 

Ittlc iUic (ilAtuiodo). Attempt liave boiou uul^o to afiilv tliu 

^lit tn the |>urpo«c« of iUnmiiiation, and in |)ArticulAr «a40s it 

QMJ hs found aul^-AntftgeoiM. Its ftpfihcation is, bovrever, at pr^ 

cut mtt^Ei^Wl irith grc^at pnurtiea) dittu-iilticA, of vhicH iho tniui^ 

Ljf 4K>nituctiiJg iTtatcrri*] from uiit* wire Ui the ot])c*r U otio of ttir m^Mt 

LvrioiiK- Itidc^rl it MHniiH cUnilitfiil tf, rv^n when the mc^haBioal 

j)>fiEfiHi^ nit! rrnvwftfi^ vrUu*h thiy rhmhllrjut will !w, it:u'h n tight 

^rn» U^ c^nonomirjilly or Ktvuitignniily ttjiM} for tlir jn^ii*ni) pnrpoM'H 

I0f ilium in AitotL The lijrht vn too iut^-niti* br the iinpmtivtod 

m^e to eiultirt? for any lenjflh of time in ibt immHliate vianity, 

id ihe espettM^ U to great, thut utiles^ the elct-tricity <^n hti 

obtaiiux) in the process of prepaiinjj: ^oine dicraieal compouud in 

the I*atU:ry it*clf. which will defray the cost of pi-ndiiction, ita 

success as a mercantile f^pcculution is very problematical, 

lliis tnindcr of lolid purticlcn \v^ not cunlindd to cuaes in which 
a poroiLs ci>iiiliictor Hkc charcoiLl 19 luod. Tlie densest metaK siich 
bt plitinLiin luid irifLum arc transferred from tlie sboodo towards 
the phitiiiDdc. The light that &tt<?nds the voltaic arc doci not 
pTLK^ixil Inmi ihr c*m\h\i»tutn\ of the coniUit-nn^ mat^^riBl, for it 
iwcura in a vi>«d from which air is cxhuuftcd, vtriOt a Ijrilliuucy 
Wb iiifcnor to tit&t eiliihited hy it m the air. It timy crvn 
lie produced between tivo diarcoal ])olnt^ uhicJi arc iaimervcd 
under wat«r. In oren- case, however, the traivtference of ftomo 
maliriaJ particles is e68cntial to the production of the lamincnifl 
arc. Mr. Gas^iot fonnd that even when a comhinaliou of 320 
GcUs on Iloiikll's eon«trucuon was cnipLoy4.vl, 110 «]>ark could Tie 
obtained Wtwtm two platinum Bti/ihec»p cottaecled oae with ono 
wire, tJrc other with the opposiu^ wire of tlie battery, in a high 
kt«iv of cOiciCDcy, aJUioiigli the tw^i plaliuum «ur<aec7(werrbruuglit 
williin Wev of an iooh of c^irh otlu-r. If h'>wevc:r the 1nui>fer of sonic 
mntrhsl partidcv Ix? i;IT<frti-d Wtwixrti tlxr twii KiirfiLri<v, rithir by n 
uiufucutjuy tNiutuca, or evrii hr tlit dbvcharge of a Ix^yden j^u* 
ncmaa the intcmd, tiK) current may bo e»tahlinhc<l and the lumi- 
nOStt are iDaini^iiui-d with a flitiolt iuinib«r of (Hura of plates. 

Tli4J hcut pruilut^ in the voUaic arc is of the moat intcoMt 
kind. MctaU which like platinum, indium, mul titiuiiam niUnt the 
(tnatoti heat that can be oUaiiwd by th« dinwt obeinical action 
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ftttcia^juit upon conabiintion m ihc furaoee, Tvadilj toclt And 
tmiiiifcrrxil fmni tUc Kbicodc ta tbo ptutiuodc W u voltaic 
rent tif liigh iiitoiuity, Tb« fiuioii is t^Miy AcooiupU«bHl I 
cxctvotbig B cireuW pi(*oe of gan coke, abotit an indi m JiAijir< 
ukI balf au iuc^li thick, into the form of a crucible^ wljicb i| 
attafitk^ by (Ltout cDpi>tf*r Wll wire to '.he vrir^ wliioh ia in 
neiioti with the platinum plate of th(* hottciy ; & piece of hniinnl 
charcoal or of ^ha cokp abriiit the rhickucss of a cedar ppnril « 
attachcfl to the wire coimectcd with the zinc plate of ihc batleiy: 
the EDPtal for trial ia thcii placed in the little coke <7ticibkv inl 
the currtnil fix>in twenty or thirty pairs of GrDv<!'8 battery u tmfr 
laittn) through U by mc^ati« of t\\v cUtm.'Otf} ptnnt with mhiiA tfte 
platiuodc uf the Iwttcir is nnntrd. Mr. GmMiot but pointed out 
the remark iibli^ fmrt, of nhicli no ciplniuilioii hikst aa yet liocn pnsj 
that the uiiv ci)iitL<H-UHl iiith the jTlatinnin plate or UDorift 
becDDaea rmich the hotter of tbe tvn iu this action. 

The colour of tlie light emitted by ibe diflerent metaU wli 
deflagrated Ijelweeu the wiivs of the battery, ia peculiar furr«dij 
gold buma irith a bluiah white lifibt, silver with a beaonful 
grccii li^bt, copper with a rc<iilifth wliit^, zinc with a poncifiil 
white light tingt^l with hluc, and lead with a puqilc light; ttrd 
buni« vritb brilliant yeJIoir MCintillationH, incrcuiy with a brillant 
white light liiiged with blue- If lhe*e light* Iw wwecl fcparttt^^i 
t);n>u^h II j^biw priftoi, large (hirk iiitervaU will be seen btt^"^ 
a few bhlUant atreaka of light of dilTerent colours anil of deOuiu 
degi'ees of ivfraii{;ibiJity. 



Cbfntieot ActiGHt qftht Voltaic BaUery. 

i^lt^S) Dhchftrffi* 6^ Comytriion. — To the cHcitiiHt, ho 
the ilisichargcf of t!ii* voltaic mrrciit by tb(> pn)ocu of ctMv 
m eve-Li luoro interrupting tlian the brilliukt plitiionieiia cxki 
by tlic diM'uptive (liik:biLr(fer unce it i« in tlic lUvohanrA 
couvecticn tliat tlie important chemical actioiia of electricity 
displayed. 

It haa already been explained nben de«ciibuit£ ibe loltAmetcr 
[238), that if ibc cormccting wlrca of a valtaio battcr>' tcnniaati in 
|>latiiium phites or wires wblcb arc made to dip into addalii 
water, decomjxMitioii of tbe liquid takes place, and ox>*geti 
hyihugeii arc evolved at the viirfa^^^ of tlw platiauni plates, 
important diacovi^ry wu.h ni^ule in the yeu tSoo, by AI 
NiehoUon and CariiHle, and tlie chemical action ot the Toltaie pik 
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^^■|^|k|L J^avy A few ycnrn Inter to decompose Uk 
jHBH9!WBd^ u[i to tUat lime had bvca regarded da 
b^^Xit»; ami by bh^vrio^ iLcir <H>m{>oun<l nature, ho ftt onoc 
% -tf^L-iT, 111 lui impurbiul uiaivui^r, tliv vienof cJicmunJ p1ulo«o|Jiy 

^V. -Ki puruuiii^ tli«se ex|wrime»t» ou the voltiuc decorii position of 

it witH HCK>n oWrved tliat vhrn c>o|7|ker wLrert^ or the wires 

•^ - filU whiHi are- rjujljr suwcptiblo ofotidAtion are atifiloyed, 

^■BAUapcs from tifiQ irirc ouly ; vrbilst it* platiuiiiu or goLd ifirt« 

^■Mssd, gu i& cvx>h-od from lx>tli. Id the lirst case, the o^ygeu 

^Bl^ittO* vrilh the copper or OKuUubIc mctnJt aiid forms an o^idc 

^*^crli is dj»wlvcd by the Acid liquid, aiidthcn-forclijtln^cm ulotio 

'^ ; in Ihe Aecoiul oa^, lx>lb >ra»ft> ftrw ivolvc^l ; *iiwc uoittirr 

^^^luiiu nor g(^ld ba» aunioieut cbemicaJ attiiiity Sox oxy^ii to 

^^Bbl9 with it ftt the uuMneut of ito liberation. 

^^^■le pioc«» of rewlnng compoundi into their oondtituenta by 

^HHbityr IB tcnoed eiectrtJjfMt and a lody aiuccpttbte of such 

^^nmposition, is called on tiectroi^te; the tcnuinniiug vires or 

^^H|fcof Uic batt^Ty lux; calIo<l the jiaU't of tbu bnttcry. Tlic vorcl 

^^^nufe ifl aUo iMcd u« Kyaouyiiioui with tbc pole of Uiu buttery, 

M it ini|Jica the door or patti to the curreut by which it enters 

tr Uav<s ttu) <H>mpouiMl through whkh it ui transinilted. 

(347) Ztfiot (jf Eic<tnA^9if. — A great vorkty of bodie* admit 
af bcit4; tU'cornpooal by electrolysU, but it t* uot applicable to all 
1: ' -Tiiniuatdy. It oocun uudex certain defluito lans, wtuchmay 

-LUil aa follows: — 
f I. Xot'leiDciitikrywibsiaiicc can bean cloctrolyto: forfiroiotJio 
-nature of the process, compouuds idouc arc nufccptiblc of ckc- 
tnilvHiii. 

3. KIcctrotysisoccunoidy nbiUt tW IhhIt Litiii tlie %aid MaIc. 
Tbo free mobility of ttic portidc* whicb brfa the Itody undergoing 
dcco»)p(>Mlioii is n ncccMiary oouditiou of eltctrolysiB^ sicce tlie 
cvpermtioii in nlwayit attended by n tnuiafcr of the cocnpoucmt particles 
of tJje di^nilyto in opixistte dii^*«iioiks. Klcctj^lybia td nooossnrily 
a proRoiui of vleciriral euaduction, bot it is ooudoetiou of a peoutiar 
hiiul; it i« totally didV-reut ffom that of ordinary «oudu<!tloii iu 
«u3liild< If an tilectrolyU^ be ftoHdilSod, it iostatitly arretU i\\e 
paaanfc^ of tho force ; for it eanitot tmnHniit tlir pliv^e currrtit liic 
a. wiiV ora Holid oondiidor : tlitf thinnmt film nf nny Enlir) bi^tvc'et) 
the two pUlca flUipciidiL all deo^mixmitioti. Mimy ■aline Ixidii^ 
are good condnctora whm iu a fit^nl miidition ; fur example*, nitre, 
vbiUt b a ftiA<.'d state, ootiducta n<lmirably; but if a cold cicetrodo 
^ as 
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Iw pliingf44 into the melted «alt, it booomca covered with * film i 
toWtl ii'iiTc-j luiil no iMitTcnt i-"^ trniLflmilt^Ml until a coiiUi]ih>ua cb 
uf liqui<l jiarticW is re<ti>rvd b<TtAvr<'L) tb(-< plaus \ty tbc mcltnig i 
die film ; tliffiie cSfs^tn mte rcMlily cxltiliitcd bv utclddin^ ft gul* 
meter in ibe frirciul. A fvw pojilal exc-<?jHi(»i« to thin rule lu«»' 
been ohttrrw*, ami hav<^ ftlreftilr iieen alliu1i*d to (043); biit i;] 
such fsMm the ctocOfli|icAition is alwftyf^ atromely limited. 

^. Uiiring e|4r<^trolysis, the compotientji of the c>1cvTtn)tyt« ut 
resolved inio two px>itps: one irronp lakes a dednile dirtctm 
toitardft one of Uic eloctrod<?s ; tlie other group takt^ & com 
Tonanls the other dccinxle. TIlih (lin^etion of the hn* (as the t>o 
l^ii]>s wlik-h eompoflc tlic clo«nix>lyte hare bvcn termed) dcpcab 
\i\yon Uio din-ction in vhiL'h the etiemirnl ikCtion» arc guinjur on b 
the lattery itaflf. Tbtr two ikbtttnuxii platen in the decotnpoiing 
cell may be di»tiiigiitHbf^ t'roTii each oUier m die muiner iiropMel 
by Professor UoniclK Tlirae iiUte^ occupy respecuvely the poikin 
of a Ednc and of a platinum plate ia an ordinary cell of the handy; 
that is to s&y, if tor this decomposing ocU an ordii^ary balteiy ceO 
wcro substituted, a rod of sine would occupy the place of oacflf 
lite platiuuai plate», ftn<l would be nttAckeiL by the oxygen tnd 
BTLtl ill the c\cating liquid of the buttery, whiLrt a plate of pIstiDam 
or Aonie other ooiultietiiiif metal would occupy the ploee of tbi 
KCond platinum plate, and would hnve tlic hydrogen uf the u- 
citiiig liipiid directed towardii it. To the plate of the decoiupoiBti 
c«^ irbicU corresponds to the unc rod, ProfesAor Daniell garc tbc 
aaineof UicWrjrof/e, wbirh U fyuouyiiums with the wtod^ o{ VamlKf 
and the potUive pole of other wiiten». To tlie |ilatu whieh cor- 
rcvpoindfl to the plnlinum or couductini; itAt:Ud, ProTcaMfl' Uaaidl 
^vc the name of t\ic plaiinotic, which ib syuourmoub nith Vmn- 
day^A t«=nn of €atJiodr, and with the nCffafivt- ffoU of other wHicn;. 
Oxygen, ehliiriue, aiitl the lu^ida gcncrnlly mnkc their apjM'Mnuict 
at the vineodc in tlio dcTcotafKMing eell during dcctrolyi^ ; whihC 
hydro^n, pJkalleii, and th« met&U an* molTod npoa the platinoda 

TLiit definite diri^tion whieb the clement* ftjmuine ditfibfl 
eledfolyMiiii may be nhowii by collecting the gftH whirh y% ernlvrd 
over two plHttnum plateit^ connected, one with the but platinum, thr 
other vith the lost zinc plate, of a comhiiutiou foniiatiu}^ of tlireeor 
four pair? of Grove's battery, llydro^^en will be collected onr 
the phtiaode, or the plate it) connexion with tlie zinc end uf ihf 
arraufremeiit, and which would ctirre^poud to tbe pUtiaum plate if 
aaoibcr cell of the butter>- verc here iotearpoeed; whilat fixHu 
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nco^o, or pJate in coudruod witb tlm platinum of the Ixittoyj 

Tin? fnllovriiig ^xp«iiin«iit furdier illoHtrutcit the ilcfuiit« dLrvv- 
JA whif'h tlu^ oM)i]>onent8 of the electrolyte aMome. Let four 
pjftcrd «ide by 8i<ie, u repreaeutcd m fi^, J90, each 




4d€Kl into two compartments by a partition of card, or tlircc 
four foItU of blotting-paper, aud let the eups be in clcctiicul 
ram imi cation vrith vnch other l>y meani of platuuim win^ which 
*uiiuKto in Ktn[M of pUtiiium tbih Plti«e in tJie tube, 1, a aoltt- 
m of iodide of }>otaiaiiLin mixcil willi starch; in 2, a i^tronff 
utioa cf comnwu flah, colourecl blue wiih sulphate of indigo; 
3, a solution of sulpluHc of ammonia, coloured blue mith a 
Uttml infufiiou of the rt^d cabl)a-^e ; and m 4, & M>luttou of aul^jlLUte 
copper. Let the plate, A, be eoniiccted nith the i>oaitivc niro 
sincodc, nnd let a eoinplete the circitit tlirough the i4Cf£ative 
re or plntinotle. lender thc»c ciix:i]instAnrc> iodine will speedily 
tot free in A, aixpd will form tlic blue iodiile r>f stanch; chlorincr 
n tthov itiN^lf iu d^ And will blench the blue h^uid ; r^ulpliiiric 
id will ho MUM in /, Jiud will ixnlden the ttolulion of ojtbbiigo ; 
tiht a piec9 of turuiene pikpi^r nill be turned brown in a, from 
lertted iiolHAh ; in r it uiU altio bn turiic'l bniwii by the aodn 
; 6ree; in ^ the blue infusion of eabfi^e wW boeoma grei^u 
nn tlie ammonia whioh n ilif^ngngcd ; auiI in ff metallie eopptr 
U bedcTpoaitcd on the platinum fcih 

4. Ttie amount na well an the direction of electrolysis is dcti- 
itw and it i» dcpcailent upon the dt^^ree of acliori in the battery ; 
IniT directly proportionate to the qiutntity of electrieity in circn* 
ioa. It is clearly ]>roved by e^pcnmcnt iltat for every 32 
una of line which ia diasolvcd in any one cell of tlie batt<*Ty, 
jvided local actiou be prevented, 9 grains of water are decoin- 
1 the voltameter; or if, oa la the prccctlitig cxperinieut, 
> b2 
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«c\-end electrolytes be amoiged in raooenoisD, ewh tompoad 
viU e%]M^i-ience a deoompoiition proporfir^nrd Ui itM ohcmirul eqiti- 
vAlent . Vtvt tostsnce, iT the mrnrnt fK* miuje to pW4 tinit tlirough 
fused iodide of Icad^ and ihcD through fiucd clilofide of Ud, far 
eaeh 3a grains 3f riac diMolvrtl in any one cell of the battery, 104 
gram8 of lead, mid 59 i^minn iif tiu will Ix' 4cpaxate<l on Oie re*pectiv* 
pUitinodo^, whiljbt 1 16 KV^ua of iodiiie, and ^^5 in'^t^ of clilane 
will bi' eviihcd on the respective ziDcodcs. Thrae numbers corre- 
spond with the chemical oquivalcats of the Gcrenl dcmcaa 
iiaincd. 

V&rinticns in the intcnrity of the eurrent (■• e., vamCiotu jd 
the qi^nlity of the force which pas»e* tliroiigh a given tniuTcne 
(ectioit of the conductor in equiU timeft) protluce no vahstioatt 
the aniouni of clieiuicid decompo^tiou which is effected by Ik 

arrangemcot. Far 
>']o. ii^T. l^^Lampte: if tfatN 

«imiUr TolcatneUn; 
provided witlijibrta 
of equal area, be ir* 
rauged aa at 0,^,^ 
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It ill IraoAUklt Ivin 
He ntuch clcdrMuy 
io a givcD time u 
either (if the otLitK 
The eurrent will therelbTe hare twice the iutetuity iu a ; hid 
the totiil quantity of ppk* collected &ou b a>id c together will U 
exactly ev|ua1 to the total amouut jieltied by a in the eourveof tie 
exporiment. Uenoe it follows that the quantity of eleeiriid^ 
wliicW w separated irom a giT^n weight of matter in the act 
of eumbiuatiOD is able, irrcApectiw of its int^msity, when thmoQ 
uvto the current farm, to produce the dccompoaitiQU of u 
^nkvalmi ffuantUy of any compoand body wliicb is susceptible of 
electrolysif* ; luitl hence it has been concluded that the cqutndcti 
weights i>f iHidies are thoece whicrh are aMtociutcd with c^ual quia- 
tides cf electricity, and have natnrally equal electric powen. 

j. According to Dr, I'araday, if the aaroe pair of eleouBU 
formft more thin one compound with each other, it U only lie 
compound which contains one equivalent of each clemeut thai 
admits of elcctroljrsis. For eixamplc, tin forms two conipouDih 
with chlorine ; the protoolilnridc (SnCl) i^ solid at ordinary tcrapc- 
latnres, when healed it iuclt«^ and i;^ then licely clcctroly«Alile; 
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at tbe bkhlorid^ (SaCy tdthuugli tiijuid &t ordinur^ tcmpcmturcft, 
uinot b« decumpoAed ao lou^ m it ta auhydrou9, or &cc Jrom 
|ter. To thrae lairs nuy be «ddcd & j^Lxth — vie. ; 
B6. fllioic bodies oiJy nrc dcctrolylo^ which arc compfwcd of a 
OMador tttii a nori -con divert or. The condnotorv rLccumiduU* oa 
he pUitmodi^, the tioii-efrndiictom oa the siticHJihf. For cuimpltf, 
Htldo of load vrhiMi mrttod cond\MHa the cttmmt; mMtdlic lead, 
'tdeh is a ctmduelor, Eiccumulntcs at tW fihuinodt' ; \fHUt iodine, 
'hich i* a iia!i-«>mWtor Pvai when nidted, *y>Ueti!i al the ziiicodc, 
tft the othfrr luuid, red chloride of sul|d]ur (SCI), b uot sn rWtro- 
iPtP. Jilthough romposi?d of single f^uivaleiits of its camponcnts; and 
U-ltal sulphur, and chlorine, when the ktler is liquclit'ci bj prc»ur«, 
re both insulatOTfl of electricity. A compomid composted of two 
cniciaotors m equallr tiiifit for clcctrolrms. For iaatancet ft metallic 
lh>y. !*«ch m plutobcr'* colder, compoacd of two partA, oroiie 
qatndent, of tcad, and one part, or one oqiiiv3JeiLt> of tiu, irhcn 
leited, couductA tlic curreat perfectly^ but no »eparatiou of liB 
onstituenta in eflcctrd. 

(248} Every clectroirtc, since it can transmit & current, is 
I0O cap&bJe of g;encmtiDg a curmit if it he <nnj)loycd to cidlo 
ctioii in the bottcry iteclf Coinparatirclr fo^t tlcctrulytix, how- 
mr, are prmcticidly hvadable for this purpose. It Ut neocaMuy 
hat tlie d4»j30AiCed ccmpotiiidi he db^tohcd u fjut aa they arc 
ifodnoed; otherwi»e the cmst of uiMtliible matter iutroducca a 
CMcbamcal obstacle by vhidi the action i% siieedily checked. 

Ortnt diflcrenccs occ:ur tii tbc fac^Uity with which diflVrcnt 
Jcctrolyf«» yi^^ld to the decomposing action of tbc voltaic <-urreiit- 
tetUTulJy Kpcuking, the grviLter the dicmicul oppwitimi Ijutwccu 
ho deuentat of a cora^KPund, the more readily it yiddn to elec* 
rolyna. 

The fotlovin^ tabic exhibits the order ia vhich, according to 
'bndiij, the diflcrcnt compcmadi wbidi arc cmimcratod _ndd to 
leetrolyau; tbottu which urc must rcadiiy dtxiunpoAcd 8tiwiliug 
Iwt on the Ii8t : — 



Solntion of iodido of pots^ssium 
FriHed ohioridc of wilvrr 
PiiHCci dilnrtdo of xino. 
Fiuted ditoride of Ic-iul 
Fiwed iodide of lead 
Hydrodilorie add 
Dilute sulphuiic add. 
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Tlic rondflcTfttioTi of the ApplK^ttSon^ of tKc voltaic buttery to 
llic purpoM?4 of ploctrotypinn;, tmd to ohcruicnl decocD 
l^'iurrnlty, vri)] be nirtr^ Mlruitdigmttfilv onoxiderocl after 
penien of t1i^ niHnU fmrc htm dnsL-ribnd. 

(149) Bt^s^^tfifanrt^ hrttfwu ifie Ehrtrifitp <ij iht Mo^fibke mtd 
thut t^ the Vttliaic Batlirr^. — XotwitLHiuiding the exlmnclj brief 
dumtion of the dbcbarge from tbe cloctiiad maduDe, it pn^ 
dticc«, wlulst it bfltv, ph^nomona similiir to tboso of tli« toUue 
cum'Dtf wliicb, indeed, may be rcf^ardcd as & rocvCMion of &- 
diargcs repented 80 frcqticittlr as to become coutimioui. Bj 
repeating the disdtnnrc from the elcctncnl tnachbe mttiy linM 
ibrou^-li the MitDC lu|ui(] cuiuluczor, FjinulAy wuh enabled to obttiD 
true elcM^i-oIytio denomjMMitioti. The following simple expcfi- 
meat mwr be addueec) aftaii itltutntioii of tbi^fjict : — lT|ioniplite 
of glass pboe a amall piece of turmeric papa*, moistened vhli % 
Kolution of iodide of pota&aiiim wJucti has becD mixed vrilh ft litdt 
fttarcb ; upon one end of this piece of pap^ idlov Uie point olt 
fine platinum ^re to rest, the other end of the wire bdug in eva- 
inuDicatiuii with the phmc conductor of the miiehine; en Oe 
ottier extremity of tbe pD|^er place ti simibr wire in eornrouiiicahtuir 
with the c%rth ; it vill be found cu i^ettiiif( tlte machine in aetkn 
that, aAcr the lajiae of one or two minutea, a smaU blue spot vill 
appc«j round the pomt of the tftre connected with tbe prime coQ' 
ductor, owLug bo the hbcmliuu of iudiuc; vrUilc ronad tlK vire 
which conuDuiiicfile« ^itb tbe earili a bro^Aii »pat witl be ^nrrf^ 
from tlic aedon of tlie ftlkidi wbieli i« set fre& IftJic wirc»t in- 
Htcvl of being connected thron^b the medium of iodide of poCi»- 
aiiun, bo toodo to dip into a dmp of tbe •oluti<in of Milphnto of 
«>p]jer, vietxdiic copper will ho depoxitod on tbe viro connected 
ivith the earth, and oxygen And ftulplnin^* itt^id "anil uppe^r eu the 
other wire. If a pJereof htmiwortMrmerte pftper, nit«»tenM| wJtli* 
RolucicD of sulphate of sods, be snpportM on u tliresd of ^1a8s betven 
two wirrs, one of vrhieh proceeds from tlie prime eoiidtietor, wkiirt 
tlie other ia in communication with the earth, the saline selutioti 
in the pupcr will be docompoficd by the electricity, even altfaov^ 
it doi^ nirt touch cither of the wires t the titmua paper on the ofe 
towards the prime conductor will gradually W reddened, wliilst Ibc 
turmeric paper will be tunitd brown at the extremity which i 
furthest from the prime conductor. 

Tie quantity of electricity which is rwntirerl to prodi 
diemical decomposition ih \(t^ ^^^ Tliu fact is strikta^; 
illustrated by a comparijton which was made by Faraday betwita 
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'Vha lunotint or<^I<virif?ity vihwh w rim-r^opwi fivim llw niftcliine by 
frtCTtion and thnt wUioh ia funiisiied by tlii^ irUemii^ aeticui of tlie 
battCTj. The fsxperimait wa^ [>crform<Hl iu ttie foUowing maouer : 
—A wire of plutiitum and auothcr wire of riiic, each i^ of an inch 
Id dianipicr. were immL'n^'d, i^ of aa inch apart, to a depth of ^ 
of an iiu?h in nn irxtroDirly dilute acid liquid, prtpurrd by mlding 
a niif^c «irop of oil of vitriol to four ouhcc* of water. Thy c»ir- 
rcnl ohuinM fn>ni thi« coiubinAtion, at a Uim|KTiuiiiT of f>o^ F., 
rss traii?tiinit«^ tliroiigh th<; coil of a g:dvarumieli.:r cou^tibtin^ of 
|8 fcct of rx>ji|ier wire iV t>f «'i a*»J< thiclt. ll prodiictd i« abc*ut 
three seconds a^ prcat a devintioa of the needle as vm obtained by 
Uu^ cU<!thcit5 funiislicd by thirty turna of a powerful plnte mii- 
cfaiiie ill cxecllcnt acuon. Tliis c]iuLOtity, if discharged m a »iti^lc 
Hasb fnyin a Lcydco battery, oxpoFiiig 3500 »qu»rc inchest of 
CD«1ed fturfiioe, would have bocu t^uHicient to kill a wnaU animal, 
eueh as a (?at or a nt ; but tlip chvmiral luliou tipon llie xicc by 

tbicb it aaa produced, w&a ino tnlltn^ oa to be (|uito iuapprcctable ; 
id it is csdniatcd by Faraday tluit not let^ than 800,000 dia* 
larger, equal in quantity to tliift, would be required for the 
»Dipo3^itiou of a aiu^le ^rain of water 1 Extiaordinury jib this 
timatc appears, it bas bttii aiiijdy «:otifiiuicd by later cxpcTioicutsi 
■ M- Bccqncrcl upon thi*» bubjcct. 
<ajo) Dt:iu€*9 Dry PiU, — ITic relation between the electricity 
the voltikic Wttcry nnd that of the ordinary cloctricvl taa- 
Uiic aduiitfl of hcin^ tritcrd iTL nn interesting manner by iti- 
terDiodiato »tiTpa. >L Deluc, noon after the ittJicovury of tho 
vollaiic i^le, coutnTcd what he tenoed tho diy |mIc It may be 
OOn^lructi'd in ibf foUoiprinji manner; — TnWo a number of sheets 
of {tajkor, one «urfAct- of uUii^h luui 1x?en i^ivtted wttb gold or silrer 
leaf, and poAte upon the uneoated suHWe a ftlieet of Kinc foil ; 
when sallieientl}' dry, plaei? Heveral of tlieao nheetf of paper one 
over another, the snuc ibcea all bciiiig arranged iu one diroctieu ; 
then cut out, with a punch, a aumber of dicular di«los and 
arrange them in a ^l^iss tube, the diameter of which i?i rattier 
greater titan tliat of the circular disks of paper, to the number of 
2000 or uj^vrurdH, taking care tliat all the ^nc «urfaci^ are in oao 
direcrtion, and alj thi-i ^ilvcrcx) or gilt «urtjiees in the op|K>(ito 
direction. A pile aualo^^^ns to V^jlta'si will Uiua be ohiairLixl ; and 
if the^Q dUk» arc pressed togetlier and cotnieeted at each end with 
a roetallie ^ire, Auch a pile will cause divergence of tlie leaves 
of the gold leaf clcetrowN>pc when one cxtromity of it i» nuiHe to 
touch the cap of the instruoicut, whilst the other cud is couueoted 
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With the parth, citlicr throu^li tJie Imman body or hr taconacif 
Auy oUtcr cuEi^luclor. If the pile be rerersed, and diea preo aitel 
to the rtitl div8rgii)|; cloctroscope, the leaivca wiU tint coUipse waA 
trill Uicti tinmediately open with tho oppoAitc kind uf drrtfirity. 
Indeed, if the vires attached to the two cxtrctailics of tlic pde be, 
bent round and nude €scb to tcrmiiuitc in a small mcuUlic 
thetwodihkAlx-ing plftcxnl iit acliKtiitict- of a1»utftn inch and al 
from CM^h otlitrr, can- Uing token to nmintaiii their iitfuiatko, \ 
inmlatcd «ii|i of go\& leaf «tttt{)endcd midway betueea tlie 
diakfl, will OK^illatc barVwardA aud forwards between tliem^ if u 
impvilse be trbt jnvcn to it tonards eilh^ aide : — EU|>po6c it to , 
apprtiacfa the pwiovc plate, it aojuirea b pouttvc charge; h a 
lllcti repclW fiom the |XAitivi; plate, but u attracU'd br 
MSgathc gjlatc, when it ^ircA up it^ |io»itiie chorgv, nud btx 
negativity electrified, in which vtatc it U agaiu aurnclc^l by tlie |nm* 
tnc plutc; thifl altomAtc movcinciit of the goJii Icnf vnll (vtiliuoe 
unmtcmiptc.'dly for mouths or cvcii vcam,^ Witli a dry pik*, vluch 
oontaiiK*d 3o,ooo pwra, or duktt, <kf ainc and kiIvct i>np^( fifiark* 
have bcon obtained, and a Lcydeu battery haa boon charged nt- 
fioieotiy to produce tJiockiv It i* vortKy of remark, that than 
actiofM aro produced in Deluc'a column, only irheti the papv 
oonuina that nmouiit of mofaturie vrhieb u Ibmd in it «oiW 
ordinary circiirnfitanoeH, and nhicli ih eoiuider&Ue. allhoogfa il 
tuuoUy passca imnoticsed. If the paper be artificially dried* the 
pile lofC8 its activity, but afrain recotcn ita energy wt the pafcr 
r&-nbaorbs moisturr froai iLu air. Provided that the two eitfc- ■ 
mtitm of tbc pile be inaubtcd fiom each other, it will rvtoio in ■ 
aetjvity unimpaired for years; but if the ends be permauendx 
OKiDected by meauH of a good oonOuctor, the xinc bocuuica j^t^ 
dually oxidizcfl, and the clcctricftl effccta disappear. 

Zaiiihoni otiCiutiA a more effective inKtrummi bj auhotiluti 
finely powdered pCTQxide of niutifcaiu^Hc for the j^oid or ailTer I 
Oqc Burfiice of tho jiapor is coated with xinc or tiufoil, aal 
the coating of petoxide raay be given to the other aiiHaec either 
by rublung it on in a dry state, or by apjilyiag it in odmiuiui 
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* Bohneaberj^T luts coutnTi>d ui (atrcmHy lutiiitirif cleetrvMeope. 
J«ppti<b upiiu a EuoiljJUatioa or thk e^pcrtiimiLtv Mldwaf botwn 

tiro inflii]niAHl l<-TTiiiii*tinjf ^Inki r>f n<0'it*'< pi^o. he iniftpcadji ft aiiucW «trip Of 

fold IfTftf lij & m^allic wirt* (rf>m no LimiilnK^d pUtf of metsj ; iku >cc4l-Wi 
gnerc-r U not mar om^ui^li to oicli^r il^ to ti;iiU'h it. 1ft ImmIj wiall ite 
fMhUM ^Iwfrityil MiApfic be luadfl to lou<ek (hit iattiUtod (Julv, ih^ kMM 
bocom«» eUctrir, mad is nttraotird lowoncfa tlie oppofiti^ly rifctrificiTik^ •( 
lliepde. 
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witb water to whicli ft little homy Iww laccn added. TEo pnp«r 
di^kn trr arriLiigcd in & oolutnn, nnd xrc turtniiintcil nt cither 
exuvmity hy ft metfttliie ]>Ut<^ TKrvt? motnl ]>lRt('K itrcr niiult* to 
flonpreaw the ptp^r diidcA bj mrMtnx i>f l))^tvir«» of lulk nhirJi p«M 
fircMa find tn oiid nf tiie \n\^ and liind thfi dbika firmly iiygeiheri 
vhibt dfectuftJ i»j>ulatioii la providc*d fur l>y Kit^iu^ the pile a tK>a- 
C9(ni4uctiDg coat of sulphur, which is easily applied by a inomen- 
Ury immBnioD of the whole instmmeDt ia a both of melted 
Hilphur* 

(a^i) WaUr Battery. — It ha* been already rtirfcd {217} that 
ereri with a «ingIo pair of zinc and copper plates excited hy dilute 
acid, poliiriiatioQ au<l i?lo<^tric tcti^ion miiy be pmvtyl to precede 
the volt^u current, though tho t-xp<Tinieiit ifl one of considerable 
delicacy. Tbe^e cCToctA of teui^km are Htnkingly exliibitcd in the 
CBtse of Deluc'fi pile; but Uiey ni^y lie ^own iu a mauiier still 
aofC decided by eraploviug a numoroufl seriei of altcmationa of 
fine aud copper, oaeh of which need ci}Wsc oiily a xtry small sur- 
Act, and uiky tie excited isiiuply with ilistiLlcd water. Sucb an 
afrangcment or wahr batirr^, consisting of a thousand couples, 
producoft, if iaimlat<Hl, and couiicrtod at each of it« extrcmitieft irlth 
a gcdd leaf elACtrocn-oj)e, coiiHi<kTn)ilc diverfrciioe of the leave* of each 
iaatniracDt. Such a battery wit) communicate a charge to a 
Le^-deu baciery : tbU chaise, Lhuuy^h it H^cs only to a AOiall 
cxtoiti riiay be renewed and diM^hax^ed f\jT au iadefiuite uumbcr 
of chxits, iu vcj^' i;ipid buivx-mioa. The wire whitdi is coiuioctcd 
with the Wt tine place of tliia battery b negative, whilst that 
which is fttCnehcd to the copper is positive. 

Mr Gamiot (PAtV. IVanv^^ 1^44* P' 59^ bn« ^vcn an ocoount 
of ft veiy ]K>wcfful ftnd coreJully cottp^trutrtid water battery^ from 
whieh be obtnined rcsolti of groat iutorott. This buttery i«aa 
ooin|M>»c<l 4if 5510 pAiTA of copper and ^\l\c plates, amn|^ io sepa- 
rat<! glaw re«<d«, <*im-reil with a ooatin|jf of lac Tsrntftb : the glisa 
celU were mifipurtiHl on Klijis of pladH tluclely eoatnl on Imth sides 
with HJiell lae, and tbeBC glami plates were insulated oa varnished 
oaluiu bt^rds each board being tiirtbcr iusulated by re»tii;^ on 
thick plates of glass, similarly varuishcd. All th»c precautions 
were found by experience to bo ooocasary in order to jiresfn-e the 
insulation, ^^licu the conditcting wire» of tUiH battery were 
brought vrithin 5^0 of an iueli of oacb otbcTj aparka were obuincd, 
and when the wire« were enable to termitiate in liraas disks whidi 
were brought vcrj' near each otlier, a rapi<l sucoeaaion of sparks was 
maiutaincdj vbidi on one oocasion coutiuued witbout Interruptioa 
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fur five vrH^ktk, A pmiMnent ikfUv^tutit at the gAlTinonietfrr w 
obtaiued vhen th» instnimcait inut iududed in ttw circuit vhikl 
the spftrlu were pumif; under fiinuliir cixcumctanicct, |Ap9 
nunebeocd with iodide of potaMiiim and incltidol in the drcoitt 
i^pccdily gave indicRtionn of tlic chemical decora pwitioti of the 
iodiik-. The chcmicjd ctfrols produced by ihe wulcr Ijaltery mit, 
kowc^-er, ft]vti>'« fccbk-, but thcjr uc omthir in kind aiid in diircv 
tkiu to tliove which kfc ohtoinod when fiddi are emplored a» the 
eicitiiig liquid ui tlie celht ; and the priiicipBl effect that vouM be 
obt^ncd if dilute acid were mlMtituUnl for water in sach m com* 
bauaiioai voisid be an uicreftM? in the quanaty^ of electricity^ hj 
ineremng the coiiflunipiion cf linc and th/c cbeniicol action m 
vach crll in a pvm time. The intcnfiitr of thv cha^ would mm 
be materially aH'cctod by the rluui^ of the iTxcitin^ liquid. Neither 
iu the water battery, nor in any other form of biitUrry is the iateoatyr 
m iaea«urrd by it# power of orcrcoming reabtaoce to oondoetki^ 
incraaed Tiy iiicrcmsing the mic ot the pltte*. 

Ic thiLH ap])enni^ i. Tliat by roltuic arnmgemeats clcctncit; 
may be obtained, exactly ftimiliir to tlut developed by the ijohudv 
nuublnc, iu ita efltirtA of tini^inu uuj in uidujctjuu towMitIs vttipranU 
lag objix'ta^ tu the |)olar clLar;Lc(<:r at it£i uclioUr and iu tbeO|^>oni« 
nature of tiie eltctndiitrB iM?ciiiuulated at the cttrcfniticA of tfat 
apparatua. a. That tbc quantity of electricity obtati>cd by nvltwc 
action ia almoet iiDiucoAurobly grcntcr thau that procured hf 
irictiou } bill that iuiIcm ]t« inteii«ity bo cxnlt^ by umd^ a r«ry 
numerous »^rieff, it doc« not paw no rv*dily tbruu|^ noa-eoi^ 
ducCon m thc^ farm of tfparh*, ■« the electricity of lh« cornmnQ 
maclniu<. 3. 'Vhtii on the other huid, by allowing iho elecnwatf 
ef (he nnifliiTie to diiv.b^u;go it!s(-lf ip^luully throiigb very Miiill 
loaweA of imperfect liquid tionduetorH which are auacefitihle dt 
elcetrohttifl, tnip elpctr*)lytir action may \w. produced. 

The identity of the two force* under these diifercnt dcfnecat 
intensity no longer iu]mit« of questioa : iu the ^x>ltaic action 
quantity is gre^t. but the iutcneity is feeble ; wbiUt in the 
eicy oi the uucbiiic tltc re\ense iv the cwm--, the iuten^ity i»j 
high, whilst t]ie quantity is cititanely amalL 



5 TV. KrrcTuo.M.^onrirriaw. 

(352) Lew of EUch^'Ma^ni'tit Ar^Gn ;-^Tangent G^ilva^ 

— The iiidiiciuv of an eic^emt current upon a fnrly «is(-,.™ 

mugDctic n^^-dlr has been already pointed out (23i), but it will be 
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Acvdful to diamine the nAtarr of the cxmnexiou between Qm^n^ctum 
wid dectricity somewtiat more clofKrljr, Merc cl«:tricity of 
tOiiaioQ, or deetficity iii a bbitc of rtBi, lua tK> infliiicncift upo& a 
iQ:ign«ti£Ml bar. It is only wh«ti thd electricuty i& in motion that 
this loagncrtic action ia ciciUhI. It hw^ ^Irc^dy hocii c^pUinnd 
(211) tliAt the direction in which n magnetic ncofltp i» [irrtf**rl«l 
drrponiis upon the direction of thcourront; find it hn* htvn stated 
tb&t whm tW nmllo pcimfn north stnA «nii11i^ nnt] 11 v'tvvt in placed 
pwmllvl to the nocHlc, \f the current flow fn>ni wmtli lo north 
abore thr iimll^, ihf- north cnri of the nofliU<> irill inot^f^ vcfitward. 
The power which tho wire eirrt^t iJivcm the needle ta uiTcrwly aa 
the distaiioe of tlir wiro from »uHi needle. 

Pttr mcaAuriiiK th(^ forrie of the oirrcnt, palvanomctcrs of 
mtJDtu forniH hate been employed. When the power i* extremely 
IbeUe, the aiftatic Ralvanoraeter (fig. 168^) is well mlaptc^lT to tho jmr- 
pOiC, but in t)u« form the value of tho uigulnrdeviniiou recjnireB to be 
expcrimentslly determined for cacti instrument. Wlieii t!ie current 
h»sm grtMtcr degrv:<? of power than can Ix^ roiivenicntly estimated 
by the mtatic comhinatton, th(^ tmiffcttt ^ahunometrr is frequuutly 
em[»IoTe<I. Tlminntnirncntm 
simple, both iti conKtriiction ^*^' '9*- 

•ml in imnciple. Tbe oon- 
iluctor, if, fip. 192, which is 
UM.d for conveying ll*c cur* 
rent round the needle, 
con^iMs of a single coal of 
tliick aippcT wire, Ixnt into 
• circle uf about one fiKit in 
diameti^. It is HUp{Kirtei1 
vertHallv in a nnnJl tabic, /; 
the eLXtremttiee of the wire, 
wliieh an? eonncetcd with 
th«.' battirry, arc covered with 
pUkj and pa*s Tcrtlcslly 
downwards, side by side, 
etoAc to «ftc1i other, for 

ftome inchen; thry tirr. tliiiii xTtiiftted in the «a.me |»laiie as the 
roilj fltul in the ilinH-ti<in of n pimhingation of ita radias. The 
oliject of thia nrranacmcnt U lo pn»rcnt thia ^lortion of the wtrcs 
from i'xrrtin;: any influence en the needle. Within tlic circle ip> a 
ma^ietio ikeedU- nbont an iach lon^' u suspcti<lcd by fd)ree« uf 
iilk, c, over a coppei' pUte <^nutuatcd to degrees lii ordor 
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to cmftUc die movcmimttt of tli« needle to ftdmit of mor« aorvinte 
nmntfttDCDt, iu apjiiuTut leiijrth is incrv««pd by Tiuktmiii; a 
piece of fine copjx^r wire to i?Ach end. This armngrmcnt is ■ 
porocected fmm ciirrentA of air by meaaa of & glus shulp. He H 
point of suspensioQ of t\\c ncvdlc U mailc to coincide lunvntHy ^ 
with the centre of the circlu fanned by the conduction vrirr : at u 
is a Bcrcvr for rai^g or kwcrin^ the iwedle. ^'bm the instn- 
ment is placed t'KActly in t)ie mapbotic meridian, tHc ueedlcj umWr 
tlic influvnCL* of tlie diret'ti^'e action of tlie eartli'i jna^netum, 
UAUines BE poailtoB parallel to tlie dvuncter of the circle. Oo 
tranftmitting the corrent through the wirc^ the iwedic mcmw 
an ]Di}>iiIse which> if it were fn% &-oni the iiwlncthre w.'lioii of 
the earth, would place it cmctlr nt r^ht angten to the cool: 
owing, however, to the influence of the enrth, the needle ii 
unable ever n^ly to aitfume tliis |io«itioD ; bnt it taVeft one 
wiiich Tcprc0cnt« tlie rasnUuit of t!ie two forces, and as the octioa 
of die earth may be aaaumed to be uniliionr the nKosnrcawnt of 
the angle enfibiea tlw force of the currcot vhich piodnoca the dcvia. 
tion to be calculated. It may be demonstrated that the foive of 
the currcot ia proportioued to the tAtigent of the angle of dmi- 
tioD. The instrument cntmot be reltctl oqi for oogular tlcvtatio» 
which much exceed 70^; but fur nil currt-nta wliich prudt*rc a ■ 
dcviAtlon of piinalW amount, it aSbnU a c<invetueat uicafurc ■ 
Other A>mxB of |;alvanom(Tter have been contxirod, -nrhich 11 wiB 
not be necesAory to dcocnbc in tbiH murh. M 

(3^5) If^ucnct ^ a Ctfrtdtttiing JFin in Ex^ttinp ^fa^fnriUm, ■ 
— The action of the oouduotivg wire upon the nin^ictic npcdla ■ 
not intorffrnx! with br >nterpo«iug a ah«et of glon* or other hun- 
latorof cloctiicity, ami the mnpictie udhieiHwifteqiTidly transnutted, 
olthon^h a ftlicct of op^e^r, of lead, or of any otlitr tion-mognvCic 
metalltr- cvwdnoUjr nf ehictriritv hr. IntrmbHfil binweeu the nefdk 
and the wire. The electiii? current, honever, prodxices no diver- 
gencG of the leaven of on clc€tro»cope uhidi is brought iBto ib 
vicinity. Not only doea a flire which i* conveying electricitr affect 
a needle which has been rdreody mnpiotiscd, but tlic conductanif 
wire itwlf, so long aa it is transmitting the doctiic eurrvnt, di^ 
play* mngncttc pn>pertic«. If a tt«n wire of iti]i]rt*r, *)r of »; 
other non-iiNigTK.-tic metal, l>e eiu{doyed lo eoniplet^^ the voltaJe 
inrenit, »nch a wire will, for the time, attract iron dUn^ aad 
the filings will be annni^ed in n layer of nnifonn tbicknc?^ nraood 
the whole otrcmnferenee of the wire, and alon^ its whole IcngtlL 
The muDietit the connexion with the battery ia broken^ tlic maj- 
notiBm ccoaiet and the filings fkil off; hut the attractive povsr 
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m^j be Of^iu tnAtanUy rcucn^cd ou completing thr ctremt. Tfcc 
irou 6)iu^ ill this Cttsc become uMgiict^, tbc p>1cH of w)iicli nrc 
«irttu(^ odtomatcky nortb imd «ouUi around the wire^ This 
jumiigenicnt mvy be better uncleratooil hy re* 
(erring U> d^^ 195, in wlupli w ik Kuppiiwd to 
IX'prrscitC ft Hffclirtii i>f tin? H'iiv wluHi i* trunn- 
miitiug A current from -f tn -* , i\ie lutHh end 
of earrh fraj^ment of imn wouUl he arrutipeil x* 
rcfMroented by die poiiits* n n, of the arroH'a. 
If Abort wires of soft iron, be placed in Ibo direc- 
tion of the arrows around the* wiro, tlicy ^>ccomc 
ti-iuporarY mn^iictT^, tbc imrtb inid otolith poTt.^ of 
vbich arc iudicntcd by with the letters » uid s. 
If piwc* of steel be aubstitnted for iH>ft imu they become porma- 
netitly ma^etic ; &U thc^e which are abo\« tho wire, if the eiinvnt 
be poMiii^ iu the direcdon Ebonn in the flgiire, will bare their ni>rth 
ends to ihc left, wiiikt in all those below, the north ends will be 
to the Ti^hi, 

(254) Formation <^ Eiectro-Maffnets. — Wc see, then, that 
ercry pixit of the wire aloii^ whicli a currcJit in pav^ing ib mo^otic. 
By coiling Uu> eonduetiiL^ wiie into u nng a larg<T munbcr of 
parliclc* are brought to act upon a piece of mft iwu which b 
|)afiaed throtigh tlic aiis of the rui^ at ri^Tit nn^led to the plane iu 
vbicb it licfi; aud by coiluif^ up the wire mto a spiral fonn, 
mthout allowinff the s|nrr^ to toudi each other, and suppuniu^ tbem 
upon a glatai Lube, tJie action of a very considerable IcngUi of 
wire uiftj ?hi wmcentmtwl 

in a very cflectite loaxmcT i^i^> '94* 

npoa tbc outnc juece of 
M>ft iruu, pluocd uaatc tl, 
fig. 194. Very |MJwcrful 
temporary markets may 
tbufl be obtainwl. Tf tht: 
wire be covered with oot- 

tan, or, 8tiil 1>ctux ""Mi ailk, to iusvlate the eotts from aaoh 
othnr, the cfTcrts may \te (neatly augmented by winding a 
seooad scnca of coiU u|>od ttic liTBt, and a third upon tho 
9ccond, and m on till six or seven layers of wire arc coiled 
aromifl the bar which is to be magiK^tiucd. In prcpeiriDs these 
ooUa it itf (juite neceeaarr, however, tliat tlte wiren be coiled in one 
dif«etioii ; for iiLataoctr, if tbc ooik» follow tbc direction of the 
thread of a fi^huhandcd Bcrew in the firet layer, as in a b, 
fig. 194, the wire must be c^uriod back in a &ijiglc liue to a be&re 
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n^n tw^ntng to wind o<i ttve fle<v>nd Uycr, ^nd the nine prt- 
cuutioii miiat Iw oliicvrrcd wilh **ch rair<ie«fcivc layer f>f ciiU. A 
rvw of GoiU wLi^li foUovra the dinx^doo of a li^f^ltanHol miw 

would DGiLtnlne tke 
^»^' '?5' effect produ«*d by tW 

right-bniidt^l »pinl, ai 

nil] Hhow, wlicrp a re- 
presents arifrbt-liaiidMt 
Epitml, B, a Irtl-baiidfd 
KptnJ: in the stnight 
portioDS of ihc win, 
tbc ciiTTi*nfp u indi- 
calwl by the anom, 
flo«:( ill th<; ftanie dm«- 
ticHi in boUi ; Irat it ia r&veracd iq tbe Kpiralft. Such a apini coil 
of irire » u>^ually termed a Mir. 

A helix throuj^li niiich aa cloctric cnrrcnt is passing ifi powerfnBf 
magai^dc; the Wo mii^ctic rijn?ca ftccamulatin^ at ita oppoM 
oitTcniitiea. h' the lirJix be ftupporUtl witli its axb in a mticil ^ 
povitioti, &Dd a bar of woU iroii 1>t- partiatty introdiii:cd nitliin it, I 
a» tfOOU as an dn-tric cunriit of »ufliciciit jiowcr b trunsmilttt 
tUruuj^li tb(^ i%»il^ thr bar will ntart up, aiul wiU nuK itffdf k 
mid air nearly ixjiudistant bctwcru tJic tir<> cxtrcrajticv of tbr nvl, 
llie iroui by iuductioti, brcomii^ for the tipur a povrerftil mapict: 
tbc pole* of tbe iron b«r arc of couno CNactly ibo rcveno of tlioia 
of the Iiclix bjr ^bicli it« ma^ctiiun ia ptoducod. 

The moflt powerful electro- mftfpictA, liowovfr, are tboite i 
ttbicb tlu^ iron ia bent iato the form of a lic>n&*abo«, ai>d 
vbidi an inaulnting conducting wire i« coiled ia tavcnJ Ujtf\ 
witli duo »ttenti<Mi trt tbc fUnvtinn in ftbtrh the eoiU an* fimmgnl. 
In tiiift Tay tnft^ct* bnvc been conKtnietcil which arc able t o^ 
aufltain a weight exeftv^ing tbat of a toil. The ma^TietiaiD Alfl 
vrioped in the Koft iron, uimIit the influence of the roltaic Piifrrat" 
attains its maximum in a few inomrat«. It rcuiea aa quickly^ 
vben tite contact of tbe wires with tlw battery is brokGn ; aiMl KqH 
rcviTwinjc tbc dircetion of the current ibc mn^nctic polarity <if llie" 
bar ;» iufttaiilly rcverwd. 

(255) Moiectdar yfowtnvvd^ during Oie Mti^netisatifm f^ Bmt^k 
— Tiie pnxluction of nin^ieti^ia in a bar of iroii^ and tbe et:s£airm ' 
of ma^ctisiD, arc bulb lUUrndcd with moJecular nuHioit, which prr- 
vades the wbole mais of iron* Mr. Joule has tthown tbat Ae 
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Imr, on boooming magnetic, nctiuircH a A\gi]\t increa<M> in It^gtH, 
uid auddenly oontra<?ta to ita farmt.>r rliinc^iMiaaA wficn tho majf- 
netisni ccasea. Each time thnt tbc bar either becomes ma^aetic 
or loBos iu magnetism • a disttuct sound is emitted, the note beiug 
^milar U> that 4;licitod by striking one end of the bax ao as lo 
produce WbrationA in a lougittidinikl direction. The maleciil&r 
OlOveDienbt, if repcaLt<Hl in quick xuccL'wioEi by nLpidJy njal^iuK u'^d 
breaking: coiitut^ betweeti ibe ends nf the bdix and the wires uf 
tbc batt^u^y, »o aa repeatedly and quickly to ma^ncti^e aiid de-* 
magnetize tbo liar, produce an election of tcmj>eraturc, ivhicli, 
M Mr. Gnivc bas shown, is quite independent of the heat produced 
in tbc conduetiii^ wire by the eurrciit- 

{25^) Cawg of EkdrO' Magnetism. — jVc^xtrdini; to the researches 
of Ldu and Jiicobi, it fti^pe-am that if the battery current bo 
nuuiituncd of n uiufonn atren^tli — l That the mii^neti:fta wliiub is 
tnduccci in any given bar ia directly pro{>oruoui^l to the unaiber 
of coilfL wliicb act upon the bar : it i^ a matter of iDdift'ei^nt^o 
wbettier the coils be uniformly dii>Uibuted over the nhole length 
of the bar, er whether they lie aecumulatcd lowarda its two en- 
treniitiea. 1. Tliat the diaiueter of the colls whicli aurround Cha 
bar docft not iuflucuee tbc result^ provided that the current be iu 
mU ea»ea of iinllomk Mren^thi for tlieugh the iudueUvc influence 
dccreoAOA a^ ihc diManc-c of tbc inAgnct from the wire, the iudo^ 
tjon prodnced by ibc incrcnacd length of the wire in the circum- 
fcrcnoi; of the coil in bugmcntiHl in prccipidv tbc nciine proj>ortiou. 
^. Tliat the tbiekjii3M( of the wiru cotnpoifin^ tlw coil dot^i not 
indacnce it* olFoot vpoa the bar. 4. That the energy of tlio 
roagticti«iu is, ca^t^r-is parihtis, proportioned to the strengtli of the 
cumml, heiii)c directly aa the electro- motive force and inversely 
na the n^siMtant^ea of the circuit* 5. That Ihc reteniit^ power of 
ika mntcnnt, like the attractive power in electricity, incrcaac* la 
the fl<Luare of tbc iiitciuity of the magnetism* 6> That the 
macfnetic effect in a wilid bar i« propoitioiKHJ to the mirface which 
it exposes; or in eylindrical bar* it in a^ tlie acpiure of the w*-it;hl, 
Bundles of iM)htteci wiri-:» ct]X)He a lar^'er aurtace than a txilid bar, 
and heace they are Miuceptible of a lii^her amount of ma^neti^on 
r of eipial weight. 7, Tliat the employment of long 
riftl.4tlier ^hanta^ over the use of short bars tlian that 
of rtnkoving to a greater distance tbc comitcractiiig influence of 
the two cna^aetic pctles upon each other. 

The praetioil question in preparing an eloct^o-mu^l^t resolves 
HvcLf into the dcti^rminatiou of the thickncaw and length uf the 
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wire* «Ktch ftr« required lo prodniv tke mcrmtm efloct. Il b 
obvioii«, thJit for & bottery of a given powor, tho lan^r thr wiw 
vhich ift CTiiploycd, \\w greairr is the pp*imtfttioc inlit»dinT!(l, » 
Ihat tbe number of conrolutions pncti>cslly has a limit iKyond 
which ncthiug is gainnl by incrcftKb^ them, am) thi» liuit ii 
ntuinftl vlien ihe incTfa«n1 rc«i»tAiKe introdiKcd by tlve ioL tta iift g 
lenirth of the wire halano^ tlie lEain prodiwed by the inflopDcr 
of the additional d<hU u^xia the bar; the fnt^to* the dijubct<rrf 
the oca\ the longer, of course, vill be the vrirc rci^uinxl to tjm 
ii, and the gn^tcr will be the resiittnnce of vnch a coil ta jiio- 
portion to itfl mngtictiaitig power. Kxperii-nce ithovs, ihit m 
onler to attiun the moat econotnienl comhinatioti in iht balim 
in pro]tortio)L to Uie quantity of materials consumed, vbot 
ma^etic poirer ib rec|uiiT<), the same rule must bo followed u 
wJien ehemicaJ rrsistance has to be overcome^ vit,, that thatasn* 
binaticti u the mo«t effective iu vhieh the rv^tstauee of the vim lal 
of the coils u'hjch are c^tchoT to the batt4*f7 n equal to tlien^ 
aiataiiee of the liquids and other matenaU ined id Uie oonvtnrtin 
of the biitii^ it*clf, or when in Ohm'a Fonnula (-J^£«=jf) tk 
lalvc of .-I moat nearly approaches 0*5 ; in vhich vtv-c r = aff. 

(357) Amp'tTf^t Tftirory of EUctTO-yfaifnHwt. — It will T>c ncvo- 
aary to exainiiK; romewhat further the pn)|*rtifli of a apiml 
which iH E'unvcyiiig a cutreut, iii order tliat tlw Ttatder ruiy 
euabled to utidcmtmifl IIk theury of Ain|«^re, by whiuli he tux 
for tlie mutual au'tivu of niJigDCts ai>d elcctnc corrruU. If a 
nmplc liclix, vrhich for li^'htucw nay be made of ihiu wir^ be 
frcicly fUApcudcd, it vill, utIuIaI eoiivcjlDg the eurrcut, place rtadf 
in the magnetic meridian; that ia to aay, it will poiut north wid 

Konth, nnrl will be attncvil 
and rrpHIrd by a mngaot 
nhich il pmu^ntcd to 
jiiftt jM an nnliiiavy liar mtjr- 
tM*t woiUi! he. F\^. i<jA 
fdiowH a mt'thtd of «uMpend- 
inc the liflii, or rlefif^ 
d^ttitme cjfUuJer, n «, ao as 
to exhibit thcK eSpcta; the 
wire, a, termmntes in a 
hook, which dipa into 
coutaiiiiiig murcury, wl 
ia eoiin«ctcd with one 
the wiita firom a 6mall voltaic battcrj-; the other end. A, of the 
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^n ctijM into a MreN^nH mrmiry caip, vhicli it iu conanutiicfttioQ 
Jtti lIi4! other nlrt* nf lIk- Imlt^ry : tlip mngnctHm corri?B<poiiiU 
,g with tlial of the nortli mil of tlic iiccdio accuraulatp* at one 
xtreoat> of tlic ml, whtUt tli<^ opposite iDagn€l»in accumulAtcH 
X the oilier <*xtreniity; fhU i-ffwt ncct'ssarily follows from the 
iDfluetiCC of each coil iiiK>ti \U neighbours, eitici; the nortli wdo of 
fcry coil » iii one direction, whiUt the south «idc i« in the 
ppoaitc, Arop^re, who first pointed out the rcnmrkahlc aDtUo^- 
wcen tlu^ beli^ when coiivcyiij;^: au chHrtrio current uud Rii 
irdinary ma^uet, )mA dcilticcc) from it ti theory of the c^njioion 
iClWL-cii mSi^^iictisiu and electricity which ha;* satiitfifd, hitherto, 
;lic rigorou* requirements of uiarhcmiitical aiiatyKis, and has alao 
fxptainnl all the phcDonicim of electro- uia^riiclism that have aa 
jrct licL'n discovcriTd. Ampere EtesLHuea that all bodies which ax* 
hibit mnj^iK'tic poloritr, derive this polarity from currcuts of 
ek*otrif;ttv whk'li uro piT|)ctiiulJy cireulatuit^ around the particrlca of 
which th(^ ningiu-tio boilien arc iH>rnpo«ed ^Vround cH4?h particle an 
tlecthc eurrcikt a^ nnppa-^eLl couiTiinally to circuJAtc; the direction 
Df the«e curreiita ik stippijiteil to 1k' ujuform, 
(«cli curreiu circulating in a plane at ri^bt 
ftoglea to the axi.n of the ma^ucLic jiower. In 
Bg, 197, the currents are Bhown us at a, b, c, 
tirculalin^ in a uuiform tlirectiun around 
the purlide» of a bar uiu;iuL-l,of which the 
euuUi pole^ t, i» uean-st tht obwrrver, Tlie 
rcsoltatit effect of thc9C iiuited nud uoucor- 
tLaLt BtnaJ] ctirreut« ttonld be cqidvulcLt to 
that produced by a single current winding 
in a t^piral direction uniformly nromid the 
^MT which vould occnpy the axiA of anc}i & spimt. In an ordinary 
ma^ii^Cie necclle, whieh ii pointing north nnd Eonth, tlio currents 
would 9u;cm\ on thi^ wi^t4<m fiidc; AnrI drweriil on the eastern. 
No definitive proof of tb<* exi*tenoef of th4s<r eurrcntii oad be 
^ivf*n, nor f-an % Tt^^iKnn for th*^ perKi^t<*nfH' of such rnrTCTitu in 
permanent ma^net^ lir iiM>i^ried ; but> |^nuitiii(r that xueh currents 
do exiiEt, all thr mutual actions Iwtweeii wires which coTi\'oy 
CurreutN and |K-rii)aitent niaj^ii(.'t^ follow as a t^atter of uc;c!C««ity. 

(258! Mutual Influence q/ Wire* which are c<mvtyinff Cur- 
r^i.— *We proceed to point out one or two of these couse<c|uenceft. 
AVhen two wires are freely suspended near each other, and 
deutrical currents sire transmitted through them, the wires ^vill he 
mutually n?pulsi\e if the conxoits pass in opposite directtoiu, but 
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tbe^will &ttnct eAcbokerif thecurroitElic in the mTne direction 

Fi«. 198 win A. 
^'>«- 19^ plain the nam. 

^ W ** ■'' Wh<i) ihc cv- 

rentA are m Of- 

(No. i)r^B»E- 
netUin oil ^-^ 
mide of the ^^ 
is rxacTtlr si ri 
to that in 

I J CODtigUOU* 

of ibc ftcvkd 
virr, as indicattd by the arrows arrant round p and n. The tva 
north |>oLcf^ autt tbc two aoath poln coDscqiimily repel cw:b cAlirr; 
wbvfvaa «bcn the current is [kaMing through the two wire* ti^ '■■ 
aamc diTGctMUi» aa shown in No. 3, the cdcct« »rc c^nctlv reteixU; 

attraction folloTn, au<l ifthr wircitbe (nHj 
sxi*pciH\rd, a» in ^^uuw ^ar^^'9L anan^ 
DK-nc, rrpiTKentcrl la %. i99pthrj^ will plan* 
th<'tniw1vi-> i»rallvl to Mich otlurr. ThiK 
cuncrntric tJKPUgliV toiitaiiiiixg mercury irr 
iLiT«itigt^l on a sififtll tttojid ; ibe currmt 
piuwca iirom atte of the vtrca of tho baitrrT 
lo tbe centra) trtrnj^hj rctoma by the inert 
loop of wiro to tlH^ Becotkil trough^ and bj 
tio out^ loop ia trauamittod to Uifl a- 
t^rrior troui^i, whiob is in comnmnioatioa 
nitb tbe uther M'in frova ibc Ijattnj^ 
This nttroctiou betwoen citrrenta wbkoh are paaaing in the lamt 
dinvjtiiitLr may be rcmlcreH Pii^liTiit in the coiiligimiiA coib of a 
from tbifti^uBe, ahcliiformedof aalen^ler harp&icbord wire, ah 
itaelfuben tli« mirretit i;»tmn«initt«d, b<it recoHTniitaformrralr 
nona vlteu the eurrent is intermitted. Now if it be i^rantrd that 
in crtery bar ma^iet electrical currents art? perpetually cin*^ilatiaf 
around tbc partick^ of which it ia €Om|WM.-d, in n direction al 
right uii^de^ to a line adjoining the maviK^tic p(^««, we have in the 
foregoing exiierinieiiu an explanation of the tendency of a mafpM 
to place it«cir acrotM a wire wlitch ia conrcying an eioctric ciintnt, 
einee tbe eiirreiita in the mn^et and in the wire, aasume a 
directiou puraltel to eacb otber bj such a noveneut. 
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aa electric cuirctit iu thu din^ioD of ' ^ 

the arrotf; x irLll iiuliciitc the north end 

of & moicuet ill nliith ihc currcuU sup* 

posed to circtflute jtrouud it^ pjuticica 

would be paridlvl t^ the current iu the 

win; r q. 

If tlie ma^iet he stationary wliiliit 
Uic wire ia moveable, the wire wiJl plaice 

Hadf «l ri^ht aii^lea to the iiia^et. In fig. 20t, a plate of aiiic, 
ft, is represented aa comicctcd 
fcy a loop of n-irc with tlw ^^^' *""' 

GOpfier plntc^ c ; botli art 
fttupciulcd ill a tube coutaiiiiti^ 
dkjule acu), juid the little battery 
ia made Ui lloat in a vessel 
of vrater \ty the aid of a ptwe 
of cork, D. If the north |x>lc 
of a ma^et, b, tie prwoitted 
towunld the loo[) in the direC' 
tiou ah^nn lu tLc; i:ui, tins uirc 
will be liltr^L-tvil, aud pl^u-e 
itself mid wajr bctwecu thu two -^-.^---v-^--,--- 

CxtrcmiticD of (he uytt^nciy if the south pole be ]irc«<^tite(1r the 
wire will be rtpdlcd; the little floating; combumtiuii will turn 
h«]f round ao afl to revcrae its direetioD, aud thcii vtrill bo 
nttncud. 

Motion ifi aUo produced iii u wire wliieU coiivovn a ciirn^nt, if it 
be »iiKiinide<l pcrpendicTiJarij' between ihc two pidcs of n hon^€«hoe 
iiiiigi)i*t pliu'rd upon it8 side, the lower extrcnnilv of the wiredi|>ping 
into A troiifrb nf mfTTiiry whirh ifl coi»iiref<*d with one wire of tUo 
batt4Try, nhiht it n^^U hy a book at it« upper ciul u|miii n metallic 
ann wltieh i% m cominuivientioii vrith the othitr wire of Uie battciry ; 
aeeoixlliij; to the dinN^lon in which the eurreut U iiaa^iofi:, tlie 
8ua|Kuiied wire will be eitlier Attracted ot rt^jnlled, by the himuU 
taoeoufi action of the two polea of tJie magnet on the opposite 
ma^actiam of tlie two sidpH of tl»e wire: the lower cud will he ihromi 
out of the trough of mercury ; this niovcmcut wdl break the ooii- 
uexiou with the bstter}', ajid ilic wire will tlieu oca«e to be acted 
ii|>on by the maguet until it fiilU baek ^i^iiii into tlie mercury; 

Ijattcry coutact iv by tliia meaiu rcoewod, and tbe taice leriea 
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of molioiksi b rejKratcd. A spur vlted or star, if aub^titut^ kt 
the Hire, ntty in tliii^ niajuicr (jc kept in couiiuiud revolution ; for 
Aft one radius is tfarovu out, auothcr enters tbc mcrcuTX, and tbm 
renews tlte cQuue\Jou witli the buttery, till it in its turn mako 
vay for a»ot)i€r. 

(a.^9) £trciro-ytaffMftic Ro/<f/ioiu. ^^Tlic moTcmcnta juAt dc> 
icn1>ccl arc not the oiily oil^ irhidi tlic mapict aud the virc 
mutually protlucv ou eiu')i otli«r. If tlic action of tbc clrdhe 
current be timitccl to a tangle* ]>ole of tlie msgiict, a contiuooA . 
totatioii of the })c4o rmiiid the ronihictiiife: nirc may be obtaincdf J 
or if the magiKl \k fixt-d whilal the wire i» moveable, the wire will ^ 
revolve around tlie magnet. 

Faraday, by whom these rotatioDs irere fir»t invettigitcd, w« 
led to their di^coxTry by oluervin^ tJie manner iu whitTli a voAtiic 
current acta upon a rot^cnetk needle vhicb is moved in it^ vicnmy, ' 
If the couduetin;; virc Ijc placed perpend i eubirly, fuu] a amdlr i 
poifed liorijDon tally at ixs centre be made ^duxiUy To a|»))Toaeli llw 
wire on one aide, eac-h jxilc of the needle ia ftrst attrmi4^. aul ' 
oil contitiuing the moveiiwnt umww (he wire, is then repeJled li^ 

tlje uirc; ou Uic other aide of 
Fro, »», Uic wire the iitt-dle b repdW 

where it vruA jji^v JeiLttly nttnctc^ 
The |koint« indicated in ti{. 3Di 
by the tetter* a a, reprCBeot Ifw 
poHitiotw of the wire when it 
produeed attraction ; u a, those in which it occflni^Jncd repnUU^i^a 
die painta a anil \ midway 1ictwe«n a and n, the ncvdto ia ncUbcf 
attractc^d nor rrjieJhvl, Ftmn the^^r results Faraday- coneludtfd 
tacii pole had a t*'iidi-nry to revolve ruui^ the wire, and thi 
that the wire bad a vimilar Imdene^ to r^vuh-c n>iind the pnl«>; 
the revolution of the north end of the needle, it wan nsjvrto*, 
wotdd Ijc in a direetion the rcvei-se of that awuioed by Uic sonii 
end. Experimcnl completely verified ihew eipMtaltoiia, The 
facta ailinit of hciup ftliown in a ruriciy of forma. 

No. I, fig. 305, shows an arrongtmcnl by which the mapHl 
may he miutc to revolve aiotind the fixed wirt^ 11 A ; // art ibe 
north ends of two bar maj^neCA, which arc amtc<l helon, ajxl ter- 
minate in a pivot, j, which works tipou a hard steel plate in the 
l>oard, AB; ed is a wooden ring which contjiiaa mercury, nl 
which is in metallic oonimtmicutlon with the (^ip, c- At the centre 
of eaih of the toa^ieta w a Muall brass hook which dips into the 
mercury of the trough, c d, for conreying the curreut tranamitled 
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|1i tho wire, a k, wiicli is supported hj tlic ann, €• A* 
•Mm as Uw? tTtiiincxioii of ihc nips cr nnd r i» made *itli llic 
hattdry, tlic mogiwt bc^biB lo rotate iux>und the u-ire, tf b, t.nd cen- 
to do io 
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tinuM to <io io 08 
long &« tlie (.'iim'tLt 
puaes; trtlie ilireo- 
tioD of th(* eiin-eiLt 
be rpvcrswl, llie fli- 
rvctioa of tlie loUi- 
tioa ia reverb 
likcwisp. No. 2 ia 
a «imikr arrau^* 
meiit for flhowiug 
the rolnlion of the 
irire, A y, around 
the north end of 
the ma^iet, a b; 
tbo current eiitora 
at the cup,/^ ili^ i(l<** I * 

itwif, and paiiw-a down h aiid y into the Hi>ir, «/ c^ which cotitaiiia 
mercury, aud is supjKiricd al)ove the lK:)ar[J, c o, by the ^tand, 
ab; tbo circuit U completed bv lucana of the cup, e: rcvcrval 
of the current reverses the direction of the ratatioii. If the 
ourriMit < 1(^81. end in tlie wire aroiuid the tiorth end of the 
nugiMn, tho direction of tlic rotntioD \b tbc Aainc lut that of 
the luuidtt of a watch \y\x\g with the face upwurtL*. The eurrtnt 
o»y \}^. tranHrEiitied ihixjugU the iippt-r half of the magnet 
itacif, aud if dultc&U-lv poiHi<d, the Ijfir tniiy thiiv 1m luailt? to rotaUi 
rapidly t]}ii>n ita ^m. Thc^ic rotations may ahiu be e^uhitol by 
li(|uid uiLii hy goat^oun ^tcjiului'tora^ if titc wiix^a fn>ui jy puiflcrfal 
voltaic Ikattery be mode lo dip into mercury, tljc mercury over the 
points wb^re the wirva terminate will rotate nipidly if a magnet 
b« held ubovc or Iil-Iuw tlie spi>t. The flame of the voitiiie aro 
rcTolvoa with equal rc^^ularity and difitiDCtiiems uttder magnetic ni* 
dnmicy*; thtu by making a powerfTil hur^edioe mngiiet n part of 
the circuit, aiktl lraiv>iiiiitlitkg tlie ctirreiLt through the magi^et 
\lMt\{^ tJii> voltaic are of Hanjc whicli may he drnwii fmm ctnv. of 
it« |U)lr?K will rntAte >n thr apposite direetion to the tiantt- whirh 
may hu drawn from the otbrr jkiIc. 

A bcatitifid proof of the miipictie conclitioa of the li<iuid part 
of the circuit *o lotig a* the current w p;u*iii^, in exhibited by the 
lotaiion of thu battery ittclf, in obedience lo the actiou of a magnet ; 



890f 



BLCCtllC TTLKdlUfll. 



Fia, 3&4. 




tbc frkprrimcnt atJiy l»c tiuule as fo11ow»: — Let a double cjIimIct 

of otrpprx, R^iowu in ftctlion At r, fig- 504, of abom 

two iiwHcd in diamclcf ai>d throe inrhc* Higli, h 

formed mto a oeU oipabU of ootitniiiuig liqmd, uii 

be *(ipported by a jxiin! ^ittucbcH to a connrrtis^ 

«trij> of cop|»cr, o^itt on* nul of ■ Jmt m^griK ; Irt » 

^^ImdcT of tino, », 1k^ (nipportrd on & wwotxt |ioUi 

in mrtnllic mnmiuni.'^tion wlf !i ibi- mppw ■ am ioca 

a» A little flilnti* arid i« jkhiix-H into th^ retl, the 

line vill br^ii t<> nn-nlvtt Amunrl the maemet ii 

one (Urc'Otiofi, whik the oDfiper votat^ in tht 

opposite ; tlie cnrrcTit U aAc^iiflini; in tbe eopprr, 

wliibt in th« liuc it b deecendin;; around tbc saine 

mo^iotic |x»le ; mimd the i>oTth end of tlip mafni^ 

tbc cyJinder of zitic iiill move m tbc same dims 

tion as the liAnds of a v&tdi which i» lyiif 

with it» face iijmardn. 

Ampere bta cxplniiKxl tbc«c rotuticins bj mrAiiA of tbe tlttory 

to vhicti mlWioD bos aln*&dy bct-n miidt;; but it will iwt bf 

needful to pursue tbi* pnrt of the Hiibj<s^^ further. 

life) Elrriric Trir-^aph. — Ihti niosl importAnt imd rctnaA- 
ftble of the iisca whkb have been maile of electricity, con^iAts in ih 
ftppLiefttioQ to lele^TAptiic [iuq>ri»eft; An ApplicAtiou uhicti has Mt 
only brougtit distant iowiia u]y>ti the ume islaud or continM 
vithin the means of inatantaneons communicBtion with esch oUwr, 
but which baa spannetl the seas, and placed an iJuular metropolis 
like London within utomemaiy teadi of the distnnt capitals of tkc 
OMitiiicnt. 

It would be impci^ible lu ft vork like the pre-scui, to giiv 
even A sketch of the numberless otodificnlion« An4 iDiprvrrnirQti 
in the nppnrAtrLs which hsTc bccu suggo^ied or practiwd ht 
rarrying out telr^npUic or>Dimunie«tiotu by meiua* of clcetridlr, 
Btncc the yvmr 1837, which in ni<-ntonibk as tbc period at wKicti 
Mecwm. Cooke and Wbeatotone took out tlicir fimt pot<*ift hi 
clectno telegraph inj;, and provod to the woHd the powibihty ol 
trAntmittiuf; mid rtxn-iiiiig ngnnls pTVMluoed by electncity, irilh 
fnrilily a&d with ecrtainty tbmngb truuluting wires of grcnl 
Imgth. On the pore^ent occasion, an outline of tlie efwerflinl partt 
of the te:lc;gTA]>liie Hynteiii wbiob u giMietAlly adopted in this eotnitr^ 
lA all that can be attempted. 

The electric telej^pU may tie n^j^nrded as consifting of tfam 
parts — viz. : i, Tbc battery, xw aource erf electric power. 3, The 




KLCCTUC TBLEQBJ^^WK IJXX* 801 



Unet or (he mcAiM of iransfliittiii^ the fti^Dals, ;). Th:^ tfiejraphie 
kuHcator, or inniraniicnt fbr cxhibitui^ the signttls. 

I. TA*? Ihittry, — The np]>amtU9 lor producing the si^Ab m 
Btoiply ft viiltaic^ Imttciy, aixy fonn of which may 1m> it^v^il ; l)U| tlie 
one comtaoiily cmploycnl ccn&i»tn of n M.'rirA nf altomntc pnint of 
copper uhI unalgunuited simc pIfttcHt arrangofl ui woodon traiigh*, 
KiiU-div-iiled into compnrlmcnt*, nitniliir to thiwt u*«l wi(h Sm<<c'ii 
hatlpry (fi^, iSo]. Thew- cijmpartrni'nu, ailvr lh<» phitrs have Iimii 
intPodfL<«c1, are tillt?*! with simfl, whi^^h ift then mout^iied wiUi 
dihit4> Hiiljihitno 3u*id^ In thU funn of ItHtniment iht^ rinkof Ifa1c4|ps 
Ls diniiiki^lieii aiul the amoiuit of evaiioratioii is lesweui^t! : the chai^ 
rci]turcs raneviiig once iu ten davA or a forUiiffhc, according to the 
freqiicnci' with vhich the tclc-{»raph ia used. 

3. TAf Line. — 'Hic coiidiictinff wire was formerly made of 
copper, hm lA now gend'ally made of iron Vfivc aljout oue third of 
an inch thick, oottcd with ^inc^ to protect it frooi oxidation. For 
the pnqwKC? oT insulation thi* wire \w ei.Lppt^rtc^'d upon wurjden po«t«, 
vrliicb Arc fimdy »tink int4> tlii; otirlh, and which art* kt-pt iltf at 
the upi^er extremity l>y raeati* of a r%\t or cawr of wikhI, fourteen or 
aixteen inches long, hiHwt^i^n tkcr ^U\t* of which atid the |»o«t U an 
iiiteiral of ^r. To the Niilen of thi« cap idiort tube* of j>orce1aiii 
tte Attached, and through iheat- insuhttintc Inlies iTie wire partes. 
Sappow that a roenaage it* to be tmn^initteil from LiOudon to 
ftlancheater; & ccHitii)i>ou§ insulated conducting; wire roust extend 
bctwc^eii the imtrumeut or batlen' in London and the inftrmncut 
At MnnelK'sttT whieh is to receive the fti^Lals, and there mmt 
tilio be a coiitiuuoua conducting oommuuicntion to complete the 
eircnit fK^tweicn Munelke^tcr and London. Thin return ei>nductor 
Tuay eon^ii^t of a MM^ud mcudlic wire whieh rniiAt lie innulatcd 
from the enrth and (tvm the tint wire, tb>ush it luajr Ims mi*- 
pendcd n|>oii the ^^inc pu9»t« Hide by «ide with tlie lii'sl. The earlier 
tdcgmphie win^j^ were nU innile Lu tlii# way. 

It wa», however, difloovered by Steiuljeil that the »cror^ 
metallic wirtT mny l>e diwpei^atsl with, ainl that the earth it^ietf may 
be employi^) &» the couductor for cx>mp]el)Txg the return com* 
naunioatioa twtwt^ii the two dixtant stations. The poMibility of 
doiu^ this ariiMw fi-um the law of eonduetion in Hdida — vis., that 
the eonduetiiig |>over iiicreai4e» in proportion lo the area of tko 
aectioii of the eou'luetor. The earth a» m eondtictor of eleetriHty 
is lOAny ttiounnnd tiine« inferior in power to any of the mctaU, if 
eeluniiiB of each metal and of the earth of eijtial diamet<T be com- 
parod. Bat it ia posMhte to multiply indctiaitelf tlic area of the 
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asmdncting portion of the earth bctno^n the two fttaiicnui, ^nd ihn 
ft lin? of f?om mi mi cation mav W Ovitaincfl which itct'isJlv oSm « 
ii'rrtAlk'r Amount nf rc^Urannr thiui the ini*talhr part nf the I'itciiiL 
In pnwtioA nil thai U fminfl nn(*rf*Mir^» in order in tftko fttlTnn1ip| 
of thiH <-<)(if1n<-trng pnwcr of fhr mrth^ nml to mihAtitntc^ it fiir tivl 
return viim of thi- b<li^TiLj>li, (<»nKi#(t^ in IrnHing a «irtf* frou tlft' 
teh'.^raphic ap]krir»tii» nt cmi; enr), into th« t^arth, Uic wire beiEg 
attJclwd U> a pUiie o( c-0|>|)cr which c^:ipof«9 ncrcral leijuare feet af 
aur&ce, and thJA <,H)ji|H?ir [jiatti 15 burial in the irrounil, fts Tv^ 
sented at^ p {fiirs. 205, 2o6t ^07). By inarasinff the bIxc of tliii 
platP, anr iMtcnt of surface of contact with tlie eartli may be ob- 
taint'd. And ihiis the intriu^ic inferiority of ttic eortli to the otrub 
OS r^arda its (N>nductin^ power is more diaQ compensated ibr. 

'Flic ^ncral plan of tliis nrruifrcmcnt will he underwtMHl fico 
fig. 20$, in which u and 1 nprcKCLit two telegraphic iostnuDaitv 
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one stationed, we will auppo«c» in ManchcAtcr, the other in IjoihIdiu 
L IS the metallic lino or wiiv of eommnnication whirh I'uatitdtfl 
the f^utioufl; £, i» the citrlh; luid r, q, copper pUtc» attAchrd to 
wires, one of Mliich procniU from rarh ioKtrumcnt, Sujtpa<^ 
fer example^ a uk-«s«^c to he in the ttct of tranamiuioii from Tj 
the in»tnin)cnt in London, to n, the instnimrnt in Alanehistfr 
if c IE r<^^rc«cnt the battcrr nt tlic London Htation, the current 
take the course indicated by the iutowh; it will pa^H from c to 
wire eonne(<tr<l with the etrth platCr r, thence it will pau tliroi 
lite ^00 milfoil of ejirth hetw<M>u the two citiM; at Q it will 
taken up nfcnin, »nd W traustmiUefi bj- the wire lo the inatnnneni 
If, th^nee it vrilL h<* eonveyed along the motallio wire l, am 
back again to L<HuIon, whi*re it will pn«« through the mstninkeiil 
], and BO retnm to thr ftod, v, of the hattcry. 

When it ift imp0f«ih1e to insuliitc the eondnctin^ -wire hj 
porting it iu the air on jxk^u, the whole length of the wtn 
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requires to he covcnTfl vith im instilntiDg matcrisL Guttn petvliiL 
b found to W ititintrnlilT iLiliipiL-d to cUU purpUK?. In thU case it 
is luuol U} MiliHtituU: c^jj|H'-r ^Irc^t fgr tliciron oiic«, iuoviii|; tu tlw 
aupcricr contliirting power of copper, n wire of iuul-U jtiualkT 
dinmctcr oui be rmpl«y<^(^ without odiling to the rcsi^lant^i^, and & 
Aftving of »piu^ nmt of insiilutiiig mntcriAl in thtin ciTcctcd. The wtrc«, 
fiAcr having lircin cuvcivd with a coating of giitta pcrchu about 
J of an inch thick, fuuy be iDcIo^todcithcrnin^lv, or several of them 
iri<lo by «tdc, in iron tubin^^ to protect them from moc^hnnu^ 
injary ; they nrc tlicH pliu^<?d under f^rouud^ in t)ui %amv mnnrtct 
9M p]>e** for tbt' eoin-pya.utv of gas or wuK'r Ta the nulimiinue 
trlogr»phi<, <'i>|ippr wirfti ^tal/nl with gtiUa imtcJib are carrfiilly 
tnri»t4>fl roiind a C4»ntral roj« f>f tarred hemp ioti> q comjiotmd rope, 
wbteh nMiiniiitt M*»'eral utiaiidn of pondurtinir wiw; tlic whole in 
p^)tc^^te<l by eiicloatnj? it in a HeKible mftalllt! a>vmii(c, fnniK'd hy 
c&rcfiilly twUtiiig acrtrraJ thick iron wires around the compound 
conducting ro|)e already described; the eitprior han thus the 
ap|ieAnnce of a cable coni|JOscd eniirciy of twisted iron wire. The 
cMq having been previously coiled up iu t}iR hold of a ve.s?«?l, ftnd 
one of tin citremiticis having l>ccii properly secured upon the shore, 
is carefully lowered into the sea; from it* weijfht, the elfictrio 
I0|)c at once sinka to tlic hottOTn m it ia f^radnally paid out over 
the ship's side. W hen the oppo«ii^e shore is safely ^ined, tho 
extremities of the eouductiug wire arc^ cooneetod on either side 
irith other wires nhich arc in communicattou with the telegraphic 
apparatuis and the fit^naU am be at once tntufimitted. 

In ca»es in which the wirrji are inmlati^l with gutta pcrcha^ 
and an? then onciMcrl in iroii tuboi, or ^mxtk ^K^iioath a borly of 
inter, it hw Ix'cn observed that if the win^ \h- eouueetcd with the 
battery, lite xtgnal is iKJt ni^taiUjuiCftiiHly tranatnitted to tlie 
oppointe e^ttrcTuity ; and that if the hattery conta<!t be broken, there 
ia not an iii^titntaueouH ceaaatiou of electric action at lite dintaiit 
point. 

F^ra^lay { PMI. J/o;., March^ i^i4) kaa shown that thu 
retanlaiiou b |>rx>duced by the aetioi^ of the current upon elm 
^tta |ierclia Uiftubior- The insulated wire, m fact, fonm a Lejdeii 
jar J the ^utta pcrcba is tbe diclcctfiGj the wire within forms tko 
iituer *^Hili[i(i, and the iron Inhc, or water of ihc oeeaa which 
aiUTOUuda it, fonn* tlie rxtcrinr ronting. The time lo*! nl firnt ia 
that wliicb is expended in giving to the gutta pcrcba itn charge; 
and the current which ts nlworvcd to continncr fttr a iibort timo 
after tlio y/m has been dieconnccl^Hl with tlic bat1<;r^^, ii pruducod 
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hj tlie f^mltiAl dM:1iAr]g<c of tbc ckctndtj- which hul hccn com- 
muiiicaU!*;! bv Islnnl imlortuKi to the ^ttn p«iclui : thr ^u 
pcTchft in ihu c*»c brcotncv polimxic<l, jivtt m tlio tvuoe nuoincr ju 
titt sIb«h of MM ordinary LcytLeti JAT. M'hen the vins* nn 
fluaprti^kd in air, no n-tonlaiioii of ihi« kind u oWnr«d; and naJ 
after ctirrrtit U pctrcivcd. The gult& (>«Tx^ba in thi> cft*e omiMt [ 
attiunte the poUiwd conditioD, owinff to tho abMDoe of uij coo- 
dudin^ coRunuuioitiou vtth itn e^trmxl mirfncc, by whioh \\u | 
induced elerrricity ronld he t«mpd off. Siippocing ili&t ibe liu I 
of ccmniDiiication tiaa hrm cwtahlishc«1 «e have now to ooneider? 
3, The Itutnaneni for Exhibithg the SrfmsU. — The indicfttcr, 
or iustruiDciit hj vhJch the iQgDak are 
exhibited, bi emcntiially s galranncnctcr, 
ill which tlie >«UUcneed]M trcmqiotdid 
vt^rticallj, iioAtead of hcbg placed in 1 
InrixouUl dirrctiou. A aide riew of tb 
coil ifl shovD at o^ fi^. 206. One of tb ; 
uccdlrs ia ^lionu TCrtkallf nnpcndid ^ 
vritbin it; the other neodle, n^, u rcfiR- 
^iiU-d ID fTimi of ihv dial-plat^*^ p r, «f 
the iiistninifnit^ The iKxdlcH sre ali^lilljr 1 
bcM-icr at Uicir lower extremities than u ■ 
thtrir upper oiw^, in oixlrr lli&t vlii^u d^ 
turtied from ih« viTti<-nl line, they uar 
a^-ain r«uime it when th<: dtcturbtng force 
oeaaes to art. TlH^imitiiUDtor tht? nmHc 
to iht right or to the lei\ are limited bj 
a little ixory atud, nbich ]jrojeet» on tithcr 
»id4^ from the bcc of the diid : ]om of tiiuc, which would utW* 
niiKT hf oocMOUcd bjr ilio unurocasoiy icuglh uf the omUatiaDa 
of the necdLr, in tbua prcTcnlcd. l nod r are Xhv wirui vhidi 
eommuniciitc witli the dutnnt ivtotion j o k is the baUrrr ; a 
ijs tlio handle by nbi<rli tl»c in^tniim^it ia worked, Fi^, ioj in 
intended to illustrate the principle njtan wliich such an uiAlruniatti 
IB made to e^iibit tbe uj^iuin; tbe dotaiU of iu eomtruetkiu hav 
been aligbtJy modified in tbt* (Ua(;ramK, in onlcr that tho coiuaci 
tlw eleotrir current tuny be mure el^^arly traced N'o- l rrpiciiali 
a har-k view of the eftaentinl parta of tlie iustrument, whon al fcat 
luid in a position to receive a meaange fnitii tbe <1iKtant oxtrtonjtjp- 
In thU position, suppoaing the ciimnit tn otipthU^r fixna lh^| 
diatant battery^ and to enter tbe g^lvanomeCej* o by the «iiv l, tt^ 
niJl pass thronffh the cod, will moke ita exit by tbe wire upon th« 
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riglit hand, rfatch w nttached to the nKrtallic upr^u^ t; thence it 
will yatn Alorig the bnus crosspicoej d, into the metal fipring v, 
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uul complrtr ihc circuit through the nirc attarhcit to tho 
plute r utirl tUL' €ikrth r, lijr which it i& rctunml to the fli^tant 
station. TJh' ^wttt-ry sliomi at c x l^ innctire during the whole of 
t]ii« aUmcc. Tlie vin*« which proceed from Hx two extremities are 
attaehed to iniiLiilutt^l pifV-eK of Wnu at either v-ni of the vertical 
piece which it eoiinected with f/. No current ihen^fbre ran in thia 
pomtkm be trauNmitlcd fmm linn haltcry ; ftinec the wire proceed- 
iii)f fifom c is completely imuUtei. !kit snpiiose it be desired to 
tniumit a signal from thia instrument to the distant station : h^ 
mesiiR of the handle h (fig, 2c6), tlic picee to vthkh. d is ntt«ehcd 
Cftn be prCTisteil «^niti«t one of the sprin;^ at / ffig 107, 2), whilst 
itA tower extremity by the *amc movement i* pre^3«e<l against the 
Dther ajtririg V; the ciureut now posMs* from the batti'ry in tho 
direction hIiowu by the arrow:", Pmm c it prweedn to v, thetKO, 
thnmgb tto Hire Attaj'hM to r, into the earth ; then throagb the 
dimnt station, where thp itkAtrinnetit i* arranged for receiving the 
sigtuil, M in N'o. T, aud it ilien [tpoduees a dcftection of ii» needle, 
'ilieiire the nirrcni mumi by t to the ^Iranomclcr coil o, and 
then <lct1ect0 the ncrcdh?, returns throu^^h the wire atlaelM^d to the 
•pring; i, and by the lactallic piece d eooipletes Uic circuit tbrcHigb 
the wirr ftttnched to 1. 

It ia obrioas tb^c hj revertu^ the morcnumt giim to the 
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bftndlc Hp tlic direction of tbc current uid Uic motion of the 
ncodim ill the coiJ inU be rcvcTM^d lx»th in iht ne«tr And ia Um 
dijitnnc iiifttnimcnt, lu Akovn at No, 3^ As tsoou mi tlw opcrttor 
luiff finished making his ftigtinJs, thi? Bpringi^ v tintl t, restore tke 
cT*0(Mpics,<c </, t<> the piiisitioii shuwn in No. 1, and iIium the uutrV' 
mvnt at onoo adjusts itt^lf for rvccivbiK iht Higuala from tht 
d»t«nt itation; tie buttery ut c k beiii^ tlirown out of action atttj 
the oouducrtjng eommuuieutton with the line bc^iii}^ rr^ore^l tlimugb 
the croad|>iece rf, by the aelf-aetitig power of tlir instnnnpjil 
ttaelf. 

])t thU arrangement a eorresponding motion of the* needle b 
aitrnyi^ produced at the ^amc iD^toJit at lioth ftatioDH, bo that ibe 
giver and the rccoiTcr of the message each pcrccin? the ngnat. 
Since the nrodlc admits of being movt^l either to tbc right ori) 
the left. It is elcar that hy combining tegelher on v definite plin 
n certnin ntunlKrr of thcM* movemeutft, uiiy letter or nonl nay be 
traiiHmitted ; tlmsf two mot<^inent< of the n|>|H'r end of the beedle 
la t)ut riglit inaj: wIjow thi* letter A ; tUni? moveitienwi in the »«» 
ilireetion the lettv-T B; fcnircniglLt indieale C; one to Uie ngbt anl 
one to the left D, tuul m) on. 

By emph>)"in^ two or more needles in each instniraeQl, a 
greater nunibeT and variety of Bifcnak caii he trauunitted in tk 
stone time, tmt each needle rrquiiea a sepftlBte eoiiducting wir, 
tboitgb the uumbci' of batteries need not be increased. 

5 V. MAciN'rTo-EtECTRrciTy, 

{261) Vollft'EI^tlric /nrfue/ion. — The term rotta-cUcfrie 
ttttction va» given by Faraday, who first obsir^Td il>c phen 
niena, to the prmhietiou of secondary en rreiU'*, or ^runrnt^ o)>Uui 
by biduetivc aeiiun, &om wifiTt eonn*}ntig eurrenb* in their vidnitj. 
Tbc'ciTriinhAtaiicestiindemhich thc*c eiinxnt* are fi>rmod will bcbaDl 
undt^r^tiKxl by » ilcneription of an eK}K'-ri[nciit. If a wire throci^ 
wltich a rolt<ii<? cnrrent i» pairing he plaecd parnllcl to a tocoDil iratf 
the two L'xtri^raiticB cf which arc f^onoeetod with the uudA ofadeK* 
cate ii^lvutiotuL-tcT, 110 itorreptihle efi^ct 19 produced in tlie 9^oami 
vire, »» lotig a^ the eurreiit ])&cwca v ithout interruptiou tlirovi^h tli« 
Aral wire J but if the eurreiit thmuf-h the 6r«t vire {or prittarf 
fttrrettt, aa it nwy for the sakeof dihtiikctioih ba tenaed,) be suddenly 
Ktopped by int«rmpting the eonnnion with llie battery, a aec^Mdoff 
rttrrfnt of momentary dnmtion in [trodnced in the aecond wtte. : 
thia ettrrent ia iiirt^t, that i& to aay, it is in the mme directioci 




roLTk-Y^Txraic iNOiMmoff. 



that in th^ bAft<-ry wire. On ng^m complating t)io oommuiiutstioo 
between th<^ tii^t wire mid ttio iKittriy, a momcntaiy currviit or 
vjivc of clcctrlnty U nguiii trnn^mittrd thmiigli the Mecotul vire, 
luit it i* now imfrrji^, or io tJu* oppOHitn (linvtion to the primwjr 

Thew cflVct« mny Iw much innT(*«K«l. if iiwUnwl of cmplcijHng 
aim|)Le win^x, t\\e wiriNt Iw cnih^ irto thf* fonn of twn <*ancciitric 
Iiclices*, iht." wire which v* to (.-onvcy U»? ]iriin:iry unnrnt, or primAry 
ootl, l)i-in)^ plaocd in the iuih of the coll for the »e04>ii(lary rurrimtr 
the £udji of the Hecoinlary coil beint; comiectetl &a )>efore vith thv 
cxtreuittieft of the ■^Ivaiiometcr. Under these eireumatAni^fl the 
needle nill receive a |>o«crtUl impuUc at the momeul the primary 
coil ia oounectcd Vfiili the battery, but after s few oscillations the 
nec<IJc wiU rt?iurii to iu original position, notwithglaiidiii^ tliat the 
current ihix>iL;(h the primary coil is mat ii lain cd ; the iostaat, 
bowcvLT^ that the primary coil ifl Mpanitetl from it« contact with 
tlic battery, a port'crful momCJilary impiilM* upon the galvauD* 
meter ni-cdle, froia a i^rrnjl ihroii^'h ihft wcontljiry coil in a 
dLrectiuii llie rcvmH* of the former, will Ik? prodiicod. 

SimilikrcUV'CL'' JLrt^O-'ihibitfflliy caa^iinji the primur)' eoil^ irhilit it 
ifftraii!tiniititi^ClLeb:itttm'earreiit,^mUIeiilytoappniaehthi?f4Ccomlary 
coij which ii^ ill eotuuxien v/ilh the ^alvauometer Puhiigthc ap- 
pqroach of the coil, the secondary curreut is in the opposite direction 
to the primary one, but during the withdrawal of tho coil the 
wcoudary current ia in the jwmc direction ns the primaiy current. If 
A tunall liclix lie subfitituted for the ^alvnnonkctLT in the aceotidnry 
GOtl, M tttc-vl nci^llc iiiuy be iDaj^iieti^c^ by the induction of ibeHr in- 
alauiausous curi'cntn, niid the intcuJiity of the mfujncti&iu thuB 
tiiduDcd i» proportional to the intcn.iicy of the Kceondftry current. 
Uy iii»*:hfti'giiig a Ijcydrn jar tbrongh u primary coil properly in- 
sulated, m vecondary current may 1h? obtainir^d in tbc oth«r hclut, 
hot in thiA oJvr it in nhvnvH in the sumv dirrction iw the current 
prodnccd on hnraking ooutuct with tbc bciltcfy. 

(263) yiiMgnHii-Kleetrif hiditcti^tr. — -Siiioe eleetncity may bo 
mode to dicit ina}cncti»m, U fccwnt-d rc^Tui^imbli* to expect Umt the 
ConiorM! o|H-ration of oblainin^ electricity by meaiw (»f niiigncti«m 
aliotttd likcwine l»e prLictieahIc After aeveral fmith-m atti^nptH to 
v4ve ihift problem, Faraday succeeded in discoverinj^ tbi? cfrndi* 
tioTU aeeeaaaiy to ensure tbc result [PhiL Traia^, i**3-» p- >i5)> 
The following experiment will serve to illustrate these eondilioiw- 
Lei the extremities of a Itclix of copper wire be connectwl by 
meana c^ wires scTcral feet iu length with the two enda of a 
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gnlvanoineter, bo that the DccdtcA fihaU be beyond the dinrt 
inJiuenoc of tbc magucttc Imrs tu he L^mployctl. Motion at t 
\ttrmsaieai magrict ncroM tlie ci>iU of the liclii insUmtly pn- 
doccs a cQiTi'jit ui tbe wire; if, for cxnmplc, ai bar mnpitfl ht 
iutrodiutHl into the uxiv of tlie helix, an imnwdiutc dcflectkiii d. 
the gidranometcr needle U iiroducal ; but if tlu? nmgnrt Im* sltowd 
to remain motiouleve vitbin tbe h^lix, the aecdk nfU-r ft fei 
o»ciUatio«s returns to its scro; tbe iiutaiit, howev<^r, llimt tie 
magnet '\& viith<triLU-n, the galvaitomctcr needle is deflected to tic 
sainc extent ^ before, but in the opposite dinxrtiou. M'bea tk 
nmrked cud of n mu^ivitc liur n intruduccd into a ri^hUhuuU 
bclu, the <7urT(-iit which isi pi^oduf^ ]>iiwm tlirough the coib,iou 
to lokve the helix at that extremity vt which the ua^et enlen; 
10 tliat tlie curreut tuoveEi m thv oji|>o»ite dii^ectiou tu that of tit 
hau^ of a watch which ia \yiit^ with it« face upwards. 

If a bar of aoft iroo be pW^'d m the aiin of tlie hdUr id 
hHig Of it rcpiiaiafi uumaguctizcd noeuiTCUt m j^ixxlucaL, bat if tk 
oi>pod)tc ]K^c» of tno bur niuf-ncla be presented oue to c*di 
extremity of thu soft ii-uu, iw a« to render it lemiK>rarily n>n^i>eiic 
by itiductioii, a luoiiiviUiu'y ciinviit u produced wbihit it u 
acqiiiriiig iiuig»cti»in, utd t]ii» curretit corrc-«pouiU m dirccliMi 
ivitb that wbicb voidd Ik: occilmoikxI by uitruducLu;; u Uu^ mn^ml, 
the poLcA of which oun-c^tpoud in direction with thoAC of the Uid- 
|)orory mn^ncL 

Ih like mu]itu<r vbeii tvo conectttrto hcUcca are amused, *a 
in the cxperimtut on volt^b-electric uiduc4M>n (3^59), aod a bar uf 
»ot\ iron i^ phieed in tbe axii of the pnmary coil, n mtwh moro 
|)oworful secondary current iit obtitiiied than when tlie two oik 
only nro unecl ; ninee tbe aoft iron in ueqniring and in loimg 
mufptelium prodiicea a Becotidary eurrent, vbiHj in meh ouo ocean 
ill ibe liame diroction u that induced by tiie primary enil alonr. If 
a bar of cof^pcr be substituted for the iron Ittr or rem- in iht 
l^riiitaty coil, the curreut ia not stronger tbau when the two cot! 
done arc employed. 

If, as jVinperc vuiipoe^c-A, a tcvx^ of clectrio evrrenta are 
petuatly eireulutuig around tlw <x>mpoiH!iit panidea of a 
tuo^ct, ill plainer at rl^ht aujflcA to the aiagnctic nxi^,- 
motioD of a nia^^et in ibe vhij^ of a belis the oppoeatc extrei 
of ^hich are in melallie conmrniiicatloii with eaeli other, so aa to 
forma elonc-d eireuil, must necesaarily produee a curreut m mck a 
hda; for tlte nia^net com«pondd to a helix tlutmgh which aa 
electric current is paaaiug: experiment abovs that tbe diiedioiKif 
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Iho curranU induocd by ihc mof^tcl is procbidy tucli w iroulil be 
ttt|tiirv(l bf Ampfirc'« theory. 

(^3) The teconilAry currotits which are obtuiiicd by mognctic 
mduction poftnciw a higti d<-gn?e of intctiaJty ; if tlio oirrujt be 
brolcini nt tho momf^iit thnt the ciirrvnt is ptM«iiig, a brilliant 
qwrk will br nbnrrvrd at tho point at wliich the itit^miption ia 
Oiwaainnryl, 

An i-ffertiv<f appArntiut for cihihiting tbo«c MVOTiclary currenta 
baa been in ttm? for Hcvnrai yonm, &ii<l Km rccf^itly l>ccn rendered 
still morr el^ifitit by M. llidinikorET. Oiio of iU formic is re|>n> 
seQtod in fi^ ao8, in wtiicb Xa. i «liovni a v<;rtical sectioii of tlto 
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coil tbrough iU lon^ axi«, the otlivr purto buiti^ tjioirn in pcr- 
apcrtiTc* It cTon^iAtH tumtily of ti^o cout-fntric helicoa of oojtpcr 
vrirt^i thi* primun- or i>kiti-*r coil^ a x, coiiniettrif; of a stouter owl 
aliort4*r win? tbiu» tbu M?con<iary coil, b b, which i* made of a 
Terr long, thin v^lrVf in«uLit«d by ailk^ ft»d each Inyor of eoil« ia 
nuvfully iii«ulat4*d Irom theadjaceul InyPT^ m isn btin<llpof AoAiron 
wire pl&OHl in Llie axi«of th^coilR. At + and — arc lnn(iing.«fTGira 
for roiineotitiK the primary coil with a vfiltaic battery c>f thrre or four 
elemeutH. Thif« primary coil is not ccntinuou» t]iroii]|cboiit iU Icn^h, 
\mt adinita of being brokr^n at c and d: d'v&n nniulL armature of aoft 
iron, to the under iurfnco of ttbiob a |ilat« of i^latiuutn ia nvct^th and 
tli6 upper surface of c i» nl»o fiiccd with platiiiuni. So Ionic «a c 
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uic) d totu-li, tlie cuireut 4:irculat<^ iiiiit]tOTnii>tuUy throu 
but lu BtH>u a^ ihe eurrirut ])aeuH-H ilinjiuli a a, tbo iroD cutqk 
becomes ma^ucUc, atti^icU d^ aiLcl tluf cciiUcl belveea c and 1/ ti 
mtaTui>tod ; the current imnictliauly ecaftoa to flow tliroii4;k a i, 
tiie Dis^iictism ia m disappears iiistaudy, the Itammer, d, b\\$^ 
contact witb c and wUi tbc battery ifi iumcfliaU-ly reiicmed, d it 
attrtdt'd a^aiii, and u immcdiauly t'&Us back upon e. Tlit» the 
batterj^ JUcIf aete a^ a mentis of m^iuf: and breaking tbc cvntacl 
covcral Luiidrcd tiintT^ in a mttiute. A powerful eujrent ti n- 
fluced in the vccoiidar}^ coil^ tt n, by each of these niomcDtaj 
cunciiM in A A. No. 2 »ho»« an cud Ttcw of tho coil, aul 
cxhibilH more dUtincUy the part^ bv wbieb the contact is inadt 
and broken. Th<^ same Jetterx »J>|»ly in botb csv6m. Tbc shodi 
arc of >yx^\\ inteunity aa to be jimuful, even tliongb cxjtfntMvd 
only for an inatant. A ecwtnnioufi ftrrfaui of »purk» vill pa» 
betweftn the insulated cndd of the Mrcondary uire, ef, tliroogti u 
inlenaJ of a tenth of an ineb or more. A Lei-clcn jar m»v !r 
cha^lfed by tlie secondary eunxnit ; and if the diricliar^'e be a1Io«iii 
10 occur in an cxliaustcd receiver, the pUcnomcn^ii of the aaroa 
light U exbibitcd in u most hcaulifnl uaiuicr through an int4^ali4 
aevri'al iticbes. If iVvv- i.)tN.''liar{-c be tukcii 1x;t«eeu tiio bmsbalb^ 
il cihibila a very iittrrektiiig iv]j|>eaiance ^ one uf tbc; bulla bcxxjim 
Covei'cd witb a quiet glow of Hf^bt, wbil^ a pcar'alitt|fed luiniuoM 
dJAcbargc takcA place frotn tbo other bcJl ; between the two btU* 
id a finiall interval irbii^ \v. »ot ItiiniuiJUH : when tbc ciliaafttito 
of the rrceUx^r i» v<;rj- ptTftMA, tbi« iTiiuinoiiE portion is olMcrrrd 
to be tt-nv<'r«<Td by a mme* of dork liniidH cir nrclie* ooncentrio 
with the jMwittvc ball ; tlit prciencc of a little \'apour of pi 
pb(»riiiK rrii<!f*T^ tbene chtrk bajid« nnieb n)or4^ dtHtint-t. Mmiy ol! 
iateruHtin^ eiciM-rimenta may be pcTHin-aiod by tlie aid of ibia 
a|^mmtU)«, hut njvin t}je description of thuae we cannot ftirtl; 
enlarge. 

(art 1 hh) IndHciitc Action o/Cttrreutt : — Hcmy^M CoUt.-^ 
tlie eoiiueiioii between tlie platen of a l>atteTy is made by mewiv 
aainglc lon<: gtrai^rht vire, a brilliant »|>afk is «eeii at the tnoon 
tiiat the contact with tbc battery ia brc&en; but when tlie ccunei: 
U made by mcan» of a abort wine, and oontArt la bTv)ken, only 
very small spark is pixiduced. Wbcu a long wire is ejaployed^' 
tlie fame lengtli of wire, if ciulcd into n helix, ^vea a mudi 
brigbtcT spark tbim when il is imcd merely a* a «trnight oco- 
duetor. TJn- Itrilbant njmrk iibirb \» oW-rvod wlien tiic long wire 
ifl used, ia produced hy the iudactive action of the battery upoa 
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tlio electrioily of tbe wire itBclf. Tlio bn^lit uptuk obuUn'd &uw 
tho battery vfm on breaking ooiitnct &ri«CH frvm u uurri'tit vhiok 
let tmimmitti-^l tliroitgK the wnt^ in the uuae direotion a«tLAtfiHnn 
tli<^ Imtttrry iUiOf. TIiik in4(irtivj* Action m»y he mtiivljr ilivcrtr«l 
if a ft«(?(>nd hiiHx, tlie fjtd* of «Ubh iirr in mrtallii' cHiinmiiniojhtMMi 
with taoh atliei*, be ^lac^tl bitliei- nitliin tXw. [rriinAry uuil or (^vturior 
to it. 

If the coudurtiDg wire bo edited into a helix, nitkm whuA 
on in>ii C4>ru U plac-cd, the eiureDt on breakiu;? coDta<;t acquires 
9ufGcieut iuU^iLCfity u> oommunicfitc a potverful shocks whcu tlie 
eudn of the wire are f;raH|>ed by the Kntid at Ulc iiionKJut that the 
wire is dtBcouDcctcd with the haiiery, alUuju^li th** buttery iUclf 
may be quiU: iiiaJcqiiatc to produce aiiy ahock when its cxiro 
miticA fire connected by a nhort wire. A strikiiif^ exiicrimait of 
this* kimt in n-latcd hv Pnifewor H«in- {Phil. Mag., 1840, vol. xvL 
p, 305). A very atuall eom}>ouiul buttery Vi»» fi^nned cf wx |>iece(i 
of copper bell-win?, each about ij iuc^befl k>ii|:, and ftii pieces of 
sine of the »amc ^izcr; the carrL*nt nbtch thi^ arrangcmciit pro* 
ducvxl wiLt truii-tniittt^d through a i<prjol of c«ppcr u-irc covcml 
vttli a)ttL>ii : the wire niui live iiiiIl'?l in Irtish uud t'lr hich in 
diameter, and it waft wound ujAUk a mujlU lu^ia of iron. The »!i<H.'k, 
cw breoKiTi;; the coniir^Iou witli ihi; lilUc buUery, waa diBtiuL-tly 
felt HimidliLneou«ly by tweuty-»ii pcrbon» who bad formi.^ a circle 
by joined hniuU, and complotc*! the drcuit between tlio two cuds 
of the wire. Thr shuck wbioh wn* frit ofi innkiiig rotititrt with 
the Itattory uas Ijandy pcTcoptlble. A eurrt^it '\» j)roilueed oq 
raaking contnct, but it U feehlt*, and in a direetion thu iwerue of 
^at cmHiuitiiig from the battery. 

Dr llenrj, in the paper abovD referred to, ban made some 
interesting ob«ervatton« tip(m the notion of thrr battery current m 
indudng secondary currents. lie employed for tnin^nutting the 
primary current a flat ei>il or rihhou cf aheet eopiH'r alvint ntnety- 
thrcc foct loflifi: and iHuck wide, Tim ribbon waa»ometimeei coile<1 
ia the manner shown at a, fig. 309, soinetimea in the form of a 
rinj^ as shorn at 6. Tlii» roil wa» combined under vanous cir* 
ctunttance* with other similar coiU each uliout sixty feet long, or 
viUi hcliccx of line cop|>er wire of varicub letigttis. Tlie fomi of 
ribbon ia a veiy advanta;;eou8 one, z» it otl'er» a lar(;e aoctioual 
ami in the conductor, and thus dimituahc* the rcraataBCC, whilst 
the diflcrcut layers of the coil arc approumatcd to cuch other 
with the vinalkst (KiNtible inton-alt between thetu. When coilnd 
as at 6, uiul a liclU was placed vitljn the ring ao fornieclj 
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eiurh i'lmff thftt the f-nrrcut &(>m t1i« tnttery throngh the nhbon 
W4I4 ititrmi|>toil, A M^puiuLiLTv ciirrotit of ooiitulrmblf* ivitenaitv VftA 
oKlftmn) in tW 1ii-U\ : the hvYtx cniild be f;npih(>rt4<ii upcm a pUl6 
or \K\aMtt tfbirli retiM upon ibc flat cotl, iLnd Mill tlit iudiictiv« 
action vrw obtamcd : but if a mcUllw pbite were intcrpowJ 
hBtweeo tbc ooil and ibc helix, iio *rw«dary ctjirrut wa» obtained 
in the bclis, aa it vnw tranarerred to tbo inierpCKod cooductiiig 
plate. 

By amuiginic a 9cnm of coila in the Dmnncr rc]weaci)ted in 
fig. 209j Profeftftor Hsxiry saccccJud in obtaining a etiooeasion of 

indnccd currents by tbcir mutual action. If a irpre^nt th<^ coil 
ill connexion with tbc battery, b find c arc arranged to form a con* 
tinuouii rott. tliiuu^b nhicb, by induction, a nionicotary current is 
prcxliurd viic\i tjmc tbat thr amnexiou of the coLl a vp-Ub Utc IxU- 
tcry ia broken ; the current in b c. tbeii bi^iifc direct, or in ihv. .-«Anie ^ 
dJrrctiou ofi in a, Nou- if two ivire hdicea be conn4^ctfd Ui|;eih(T f 
and plaec<l tm at d and e, tbc induced cun'ent in c will produce a 
Hccond induced current, or current t^f tht third order^ m d e ; bat 
tbiH cnnx-ut will be in the opposite cbrcetion to that in ^ r. If 
/ be a Hblion coil jilaced atxive «-, uitJi ibi end» tinitui by a noall 
beluc at g, a tbird current, or current of the fcttjrih order, will be 
obtained, but it will be in tlie opposite direction to tbat in dt> 
Tbus if tbc cnrreitta be eomporcd together, they will be in tke 
direction following; — 

a primary current 

b, c, secondary nim-nt . . . direct 

d, t, currmt of the tliinl order - invcnc 

f, g, cun'CQt of tbe fourth order . direct. 

By actiiij: upon the principle just explained, and earefuDy inaulai- 
iTi^ the eoiln, rurrcnt» even of the wvenlb order have Iwcii obiAiDcd ; 
tJie auceeitttive onrrentA being alti^maiely direct and iiivcr«c- 

Profi^sBor Henry Iiaa aliown that iTulneeil ciirrenta of aerenl 
cuecc?«i\G orders may aUo be obtained try the momentary patta^ 
of elcrtneity occtMiouctl ljy the diaebAi-gc of the Lcydcn jar, 

Theac induced currenta not onl}* give powerful shocks, but they 
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aaa^etuse nt^^d }mnt And produce 4)hcmi(?iil decomposition* Tliti 
latter may be aIujwii Iry ititrr|>g*Jiig nrifliilAti^d >vftter «r Bolution of 
iodide of potuodtum between pUtimim wiroa wUtc>i arc ui connexion 
Tith tbo eude of the coH. It ia easy to obtam either curronu of 
HifEb intnuitj, such a& tilOft(^ required to produce whoeka, <*r ctir- 
rmli of Inrgr qnaiititTt finch nn troitld W rcyjitirnl (ov nisigii<*ti2iii^ 
ricel f>r for i^iiting platinun) wiro^ hy %'arying the dintnt^U-r uul 
length of On* ntnidiu-tiir. Wbrn & l"Hfj fbin wire wa* mnpliiYf-d, 
as by unitiiTu: the two b(4tn(-n ju» nt */ wiid e, a current of great in- 
tctuity, pnxlncing powerful »!ii>cks was obioiiLed ; but this wrre 
cnrrciit could be made to induce i» the tiat coil / a GOircut of 
gTCkter qunntitr, but of less intensity. 

Owing to tbesf VKrintion« iu quantity und intensity, the invea- 
ligation of the ];iw< of thc«e induced k?urrenLA is cinnplicated and 
difficult M- Abria {Aim, de CMmie^ IIL i- 585, and iii. i,) ti&a 
|Kibli«hed some carcfld researches upon them, but additional cx- 
pcrimetits arc stilt needed. 

{164) Arago't Ilotatwnt. — A remarkable exempllfieation of the 
facility nith which secondary ciirreiitN are induced by magnetic 
intiueiice, au<l of tho mutual action of auch induccMl eurrcnts, aro 
exhibited by the following ciperimcntsof vVrago. If a magnet be 
niApendcd frcriy bv ita centre, iu a liorixontid direction parallel to 
a nnnikir tii*lc of copper which can he made to rotal* hciriiontally 
lieiK'ath tfic tnttfgiiet, it will b<- founds if the centre uf suH|)eiisLotL 
for the magUL-t \nt direelly uvcr tlie axin uf the rulutinf!; diA, that 
irheu tlw diA is madt; iv revolre witli a ccrtaiu degree of velocity 
the maguct begins to rotate aUo in the »anie direction lu the di»k ; 
aad tbc more doacly the disk att<l tho mngnct arc ii]>proKiiunted, 
the more rapid in the rotation, ThiH rotation oecurs t» frtTcly wbt^n 
a Hhret of paper or of glans !■ inti^rprwed bctwi^en tb<r mugnet and 
the mclnUic diMk. Duki of other metalii by their rotation also pro- 
dttce thiH t4Ti^'t iqmn iiie magnet, but none of tliem show it so readily 
as eop|>pr: the faedity with which the ciTect iit prodiieed being in* 
versely ax the power of the rotating disk to conduct electric cur- 
rvDts. If a narrow »trip be cut out of the mvtallic iWk, cxtetid- 
Lug from its eirnimferciicc to tlie centre, no motion will be pro- 
duc«<l iu the magnet when tlie dink is made to rewlve ; but if the 
cut edgeH of the divided disk ijc connected by soldering a piece of 
wire across the dimiou, the rotalioi may be clfeelcd a»n*a<lily aa 
vhca the disk wn» entire. From cau.4es similar tn tho'«.' vhich 
produce the fuivgoing re^^ultt, it is foand that if a magnetic 
needle or a bar nin^net be sot iribrating parallel to the surface of a 
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dUk or c(»ppor, ft wiU ckmcm to tv%t loucb nunr 

TbcM dTecto went Aj>t «iti*Aotori]y uif 
found that wbisicver « piece til condiictutp toani 
atltfr bcfuru a liiii^lc |j(>1r ". ' i ! <tfu ih« 
magnet wj ms U> cut Uw tua^i \- . n i» mt ri 

cam*»t» ftrc |jrodiM:t:U MToati Lbe inct*!, inuwii 
of motiuU' For cutaiJtT^ Id tbc txjiipcr di«k 
to roolvci in ttto dilfsction of tha arrutr* on 



wire] 



between the polc», a i, of » In-int'-Hlioe ntni^iiet) 
which uconibectQd witli oucniil (irtlit> f^tiuioti 
sj^nat ihc cmtro of tbc dt»k, wUibt the other ' 
Ttuiomdcr retu ogftiint dm od^ of the disk lietwc 
polcsv Under th««? ctrciumtance», n carrmi i^^UI J 
from tJic centre tow«nh» tUo oircumfdrtira irf Uio 
througlk the virea^ as alirrwu hy ihe urro^t^. If th~ 
to rci'ohe in ibc oppmtr ilircctioit, ihi! nirmit 
circiuufcrcticc Umnrda the eentn; of tliv didi. 

bufil>Uiitcd fr ' 

ntu» vliirli CM 
jound n c«>r<i]iu;tinc wiio^ 
nriiiid lh« ml^^tkPU ^f a 
tulwtitiid'd ^r llitrbutt^fy^ 
n«t or the wire bDioMielDi 

Now kc n* nil I 
€X|io-iin4-iit wty on < 
rmolnng duk c, hg, ail £^ 
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'9VoWo4 bctic&ih the mngtiet, it cuta the magnetic currcs at right 
n^W ; cMTTcnts arr proifuotnil tmclerDOVlh the north polo, from 
he cciitrc of the pbtc townrd* tbo oircuiBforcnwTj a, Jjcjoixi tho 
ile: thiTw currvntu occur in the opposite diraction — rtz., irom 
tie riroiimfrnmoc to the ccmtiT", imil^^rnr-itli th<^ itoiiti pole, and 
ibos traverfte t!ie diamrtcr (if the pi*!*" [iar(i,lh<1 Ifi the ma^;net, 
;iing bj the marc dutftitt partA of Hiv. pIjiU^, oh Ahowit by 
M ' tt«l arrows, Siich cnroitA necMsarily «ert a rcjnilwvc 
h < Lipufi the magnet in a direction which coiucidi^ nttb tbitc 
in which inotiaii is oWrvod, aud do ctirrcnto an; obtained until 
either the mapiet or tbe plate i« Kt in motion. 

(25$) MagnetQ-Elfttrtc Mach'tJ^i. — Varioii-t rnaehines h^rc 
bcm eotitrivod for the prodnetron of mafcneto^ectnc cumeiitM. 
Tlie nuMtt coiircni<^t of these is Saxton's Maj^ieto-Qcctric Machiue. 
It is reprowiited in fig. x\%, in poTApcxstirc ; fig. 313, ahowa % 
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«>otion of tlic coiU and ftrmatiirp- It (vw)«inlA tvi a powrrfTil hoT»e^ 
■hoe magiii-t, w, pLaced honiEoat&lly njicift o\w. of its miW : in 
^vmt of itx etidfl or pnhw, aivl a» doi*e to Uu^m ft)^ ik pomkle, 
v^lhoot [mxliiring UiCtiml eonturi, an armature of wft imn, ff &, is 
made to re^oKe upon a horisontal axis, a, which admits of belnj^ 
tttrocd \xj iiuAiu of a *trq>j wliich panes otot a multiplytjiic 
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^luwl, w, Thia armnture rooHtHU of two vtraiKht pL«cc« of iron, 
ftbout two iochoa m lei^h, which, bjr mvoiu of a crow pkce of^ 
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iron, X, are connn^ed toother |)urailel to each othcr^ at w>di > 
distaocc that they shall be opposite the midtUc of t-iich pole of the 
horseshoe maf^et. Around each bmh e^ rf, of Uie anuaiurep a 
long fine copper wire, covered with »ik to itL-tulute tlie coils fipom 
each other, ihwouikI in itcvcra] MUcee^eKue layers^ The corrcfipcmd- 
ing endii of each of TliG^e hdicea are conucctod tot^rthcr ; ouc p«ir, 
e ff \s soldered to ihc spiudle, s, on whicli the annoturu roixta, 
aud Lhroii^li it ia couuc(^u^ with a ciTx:uliu eopiivr (lij«k, 1, tht* edgv 
of wlucti dip into a cup of mercury, m, wliiUt t!i« other p«ir ct 
wires, fjT, A, Ln coonectcd with n vtoiit pice:: ofcupjicr irhii:Ii poaaOi 
throogK the axta of the vpindlc^ a, (rom which it vt clcctricttllf 
inisulatcd, aikd tcrminat«a ui a aJip of copper, It^ placed iWAriir tt 
right aJi^flea to thi.> cTo«e pi«oe, Z, w^dcU connects tho two limfaa of 
the Bofi iron armature. Umetth the *lip nf copper, it, i« a ttocood 
irercurjr cap,/, whit^ can be made to commuuicat4^ witli the cup^v, 
eil.hi^r hy a wirr, or hy wimi* othiT corwhictDr of t!i*^ ciirrefit 
Th(^ arms of the >hp, k, nltiTiiiilely dip into the mercuri'p and rise 
above it, and the jiointH of eontart are »o arranged that the circuit, 
[which, when t and m arc pm]>crly connected, is complete eo lon^ 
BJ Jt i« beneath the mcrcuiy] slrnil be broken at the iimc that the 
Drmaturc lo:«C8 its niii{nictL»ni. Under theac drcumatancea a \tn\iht 
#|)ark i* olit'iitK-d each time that the ^lip it quits llie mercury. If 
the eonnexiou Iwtween the mert-ury fU|is, / and «, is effccud by 
graaping with the handa two copper cylindcTi, a u, fach of wliich 1^ 
tncana of a wire, i« in ccamexbu separately with one of the cu|in, a 
ancecssion of JJOWL-Tfal fihoek» will lie rxiK-rienrtid. Acidulated 
wat4:r aiid many Haliiie Kolutioiis may l>e decoin)x>9ed if Umw 
curreiita be tran^iuitted through them; hut in order to produce 
polar decomposition, it is iiceos^ary to anppreas or turn up ouc of 
the points of the slip A', and thu^ to loss half the povcr of the 
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machine : otherni^ tlie cuireubt at e^di balf revolutioD arc in 
opj>o«itc directious, 

Iti Uic coiL^tructioii of Uir«c mof^cUi- electric maclime*, i^iVJit 
can? imL*t Ik* takcu tliut the iimulation af the coila i» vcrj' perfect- 
Difierciil eflcNrt« mc <jhliuiic<l fixim such u miitliinc hy van-iiig the 
ten* til and th« diamcititr of tlie v'lr^ which U wound nrouud th« 
armature. When curreiiU of fiijch uiteii^iiy are reriuired, such ss 
tbo«c needed for giviu^c aliocki, or for the d€ieom|)ositioti of elcetro- 
lytcjt, A great Icn^h of tlihi wire is prefcmbk', but a much Moaller 
Jougth of thicker wire Avill pv<? the lur^c#t sparks, and wdl i^te 
the grvattrM Iciigtii of tine idutinum wire. 

Ffof. Wli^LtHtoiLe aad others have coDtrired electrt>-inaj^etic 
machines, hy wbioU a conliuuouf* electric current in a uniform 
dircctioQ may tic keiit up for auy length of limc. These batteries 
arc, ill fact, comljinatiouH of scTC'ral simple macTiiucs, simiiar iti 
pHiunjjIr toSa\tou*s; the coiU arc coimL-cted logelher no an to 
&^Tm a ciiiitiiui(jU4 drciiit. The nxiii^turt^n mrc j»o Atranfud tliat 
cacb ahidl ia turn become magnetic:, jiut before tlie preceding 
armataixj ba» cotin-ly h>Ht its Riafcnetism- By this contHrnjitTC, 
the curroat i» ttmdc to euninitiiki^L* in ouo cod befaro It baa ceased 
iu th<» coil whi<ih immediately pvceudoa it. 

Elf^ctro-magiictic Tnaeliiuen nre nou' iiH^tl tii BinmingbnTn on a 
lai^ u^r, ptA a Mibittiliitc for l\\r vollaic bnltcry in prfJocmr^ of 
decbro-ttilrc-ring and r.1«>(Tfro-gililing. A Hittgle Sn.\ti)n'A machine 
vill> if kc]>t iu eontiiuuiiiK n-vidntiim^ prisnpitate fmm <)o tn no 
ounces of silver pi?r wei^k from it-« soIutiini:t : ^ind niachinc-> have 
lieca constructed by which 2\ ounces of silver per 1»oiir have beeu 
de|}o»ited upon articles propeily prepared for this mode of plating. 



5 VL TnKftMO-EtKCTRICITT. 

{266) The plienomena due to the development of electricity by 
lieat are arrangrd iitidrr the huiwl of thrrmo-rltdrlcH^^--^^ term 
vhich scrvCH to recid U> lutnd the inimner in which in tfjoc cjl«c« tlic 
force orij^inates. The present ^cliou i-ontain* a t*UTnmury of the 
more iiu|>ortaut facts which have been ascertained ou tliis subject. 

As any obstruction to ihc passage of the electric current 111 a 
coa<luctor otva«ion»i the development of licat, so any obstruction lo 
tJio etpiid propiij^iiUon of herat in n ccmdi^rting circuit pro<1i]ecs a 
current of elei!tri(*ity. Thi» iin|Mrtaiit retult wa^ tint clitatiml by 
Seobedc, iu the year 1^22, 

If the extremities of the wire of a sicnsative galvanometer be 



408 



tkis 



& sCraiKM pieee «f platiiiinD wire, 
WMf ht heated tl any paint «£ a dirtance from its conncxtoDvwith 
like f^tlwmaamettT wm, wi ik on i y nijlo dxi p a corrmt through ike 
dreM ; bat if the pl»tininB -wm he twitted into t loo{>, sod bcflt 
be nnJiBil to tbe wm dt»e to the ]ao^ ud to the right of it, a 
carTfi&t will ftow thraa|di ^ aifHntnB fron rifht to left, Qmg 
to the iaflfiifi^ of tbe PoaJaLtin^^ lyiWr Btid the di^ turWiice of 
rrgtilwily is A* tfinwiwirn of the force from tlir biMtrr to th« 
ooUs X"*'""- Tbnc cfbct» are still oorr rcnjdilv produced bjr 
Avvbif tbe wire into two portioiifi, and ocOmg eadt eitrcmttj 
tstD A iftt wjmL If cae of these ^inU ht heated lo nAtcm, 
md be Iwooffat into ooMact with the cold vpinl, dcdoctioo of the 
ante ianvdiaa^ Ukiws, tH a AractMM wbkfa tDficatea tlw f^ 
aoamtfroBtbehottertotbcoohlfrportbii. Mctak iuch a» tR»> 
Buth ora aliimjay , in whkhacrjvtMllukeftrwloreisMnxifrlv ^^ 
bped, Wt whkh poMo* m "■f"*^ pcntcr of coodoctin^ cki^ricity, 
i&fihv th^ thmao-ckctiic phcnowiriia in a Doro perfect d<fm:. 
IT one half of « n&i; or mrtauf^ulM- frvae coApoMd of either 
thoiC acttk be heated, and the other half be kept coed, a comnt 
iriiciMit to dodecl a laapietiri maJe eoqieaded witbin the fame 
or nii^ win be produced. y«t>l» which ore briter coodiMTCon^ 
•vch aa ooppv ^id slnr, althoo^ thej sUo ahow the |jIicsu>idgbiv 
**piftMi it macs Ida ouKUiettVi 

If the rvctaogle be eompGaed of two dientnilar metala. as when 

a bar of aatniaay, a i, K^- 2 14^ a 
aoldcvod to a bir of bumvth. a >, 
the Bfiplicatioa of heat, iocfc aa the 
flame of a npirit Umii, to cos of 
the junrtjona will cause dcflectno 
of the soi^jieDded needle, we. A 
bar of hUmuth wlicii soldrn'd to 
a copper wire, will readUy deflect 
tbe ueitdle of a |]:alraiiouKter of mo- 
derate aensibittty, if even the wanuth 
of the hand ool ? be a^iplied tooneof 
the juActioDA. Prondfd tkiat the rc»i»tAni:ea in the cdmiit cun- 
tjntie othchangcd, it u found that tbe aiooiuii of force tu cin-ulatviii 
b exactly piOfiortkMKd to the dtffemiee in ti^ieratare of the two 
JQiictiofiit. >L Becquerd, reiving uiiod the aecuracy of tlua datnn, 
haa applied a Lhcnnoclectric pair tjf ineuhi lo dw uieafiuiemcnt cf 
tem|jcniliu«. Amoogat Other e-ipmnidilap he endcaf oared to 
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tain the tcm^jcratiirc of flamea ; the metala whichhecmidoycd were 
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tUn wires of |«1atiiiuiu nud of palliulium ; Uie juuctiou of the wirtfi 
voB intixxliMxd Luto difTcrcut purUt of tLc Hanie wbicli, w migUt 
he Bupfkovrd, were found to vary conoid crablj iU tdnpcmturc. I'ho 
propoHionitltty of the current to th<; l<*ripcratnrc, liowcver, o»ly 
hoIi)« ;*oo(l with thi)9C Hon -crystalline mctnU which do not oxidUo 
vhon powerfullj bmtcd. 

Witli «ome comhtmitioni, the cxirrvnt iiicrt'mtOK in iDteuuty up to 
It f*rrtftin pointy thett declines, ftiid it revc^ned ; in the cfOG of iiinc 
ftnd mItct, the mo contmiie*i tij* to I4H'* F. ; thev the current 
dedinoi, licccHncs null, and ultimately is rev^racMl, lu the tem- 
perature continue*" to ri^. Most probably this is due to the pw*uliar 
effect which hent ha* up£>n the cr>'etallin€ ^ftnictiin- of r.ina Iron 
lad antimony exhibit the same dfetrt, bit to a Itvn inirked extent ; 
and Professor \V, Tboin^ti has extended ibp ob»erviition to a 
tiunil>er of other ntetals. 80 importaut is tlic eryataJliue stnitrture 
in tbe»e arrangement^^ tlint the ihcrmo-clcclric potrrr cf bi.%muth 
u very malftriaUy mincctd by tlic adcbtion cf a ftmall per centa^ 
of tin, wliicli imi^m iu teiid«i(*y to cnFittjdlixe. 

It may indml be stated that nheci two dtMiniilar metala are 
ooDnccbcd in any way so as to protltice a i^lo^d circuitfan elcctrie 
current 1% c*tabLi»hed each time that aay difftircnce iu tcmiH^rntnrc 
U protfbiced bctureen tlw two points of contncrt ; and the eturent » 
maiaiained so long a* tlie diOference of ternprrattin^ eontiimeA, 

'flic laetala may t>e arranged in the follo^^ing thermo-ekcCnc 
onkr : — 



b Bismuth Cc^per and Silver 

Platinum Zino 

lioad ]froti 

Tin jVutimony, 

When Watcd together, the* eurrc'ut procovrU &oni tho«e whicit 
atand lant on tlic li^t towards thL>*e nhich procede tbem. It is to 
he ftTmnrknl that ih^ them^o-nlivtnc order of the metalu i» rcfy 
diBcrrnt from their voltaif order. According txt th;* eKpmmejita 
of Wheatstoue and Poiiilk^, who tuive arrixi^ itt the utm- n'Hult 
by Tcrv different methoda, the electro- motive fome of a pair of 
liisERUth and cappt^r, when one jiinctioii ^4 niaintained at 212° and 
the other at %2^ t\, i* n'lth of that cxitted betwwni a pair of copper 
and tine platt^a arrani:c<l in roItiLtc ndution, w bi DanielVK battery. 
Tliermo -electric cireuit* may also he formed witJi iuferior eon* 
duciorft. Nobih hrou^it the point of a heated cone of porcelain 
day into contact ^rith a outd cylinder of the same material, each 
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comuxic^ tritli tlic galvauomctcr bv cotton *oakod ux n contlticTttE 
flui<l : the currciit priAr^t^fl from tlio cane to the cvltn^f^r, 

punt of two different metftU, ami h«ditm^ iltc iiltenuit« joint*, 
vbiUt the other junctioon arc k*rpt «x>l, a thcrmo-eleelric hattc^^ 
mAT he roiuitnict^^. The niitt of the elemeDtft vhich Are rmphivrdH 
coiitribut4w Dolhing to the effect, eicept no far as by iikcrramng tli« 
km of tlic* conducting section, the conducting power of tlie circuit 
is iacnaftcd. Such a lutttcry n ill dccompOKP a solution of iodule of 
potmiom, and it w Mtat^Hl tlmt, hy ft xuflicM^itly ntuneroufl aeries, 
even dilute ftidiihuric a^iil huA been decom|>0(»ed. A tbemuK 
electric current £rom a aia^le pair is sufficient to ooDvalse tbe 
limbs of a frof^. The principle of the 
nrran^cmctit by which a thfrtao-mHHipSfrot 
tI;crfiHi-<."kvtric bottciy nuiy bp oonhtrueted 
is Khowii in fig. 315; to one aeric8of jiinO' 
tioiift, a hi^b teiD|>cniture, to tho otlicr a lov 
tcm|)eraturc may l>c applied ; the sbn^lnl 
bars. A, represent bars of antimony, tliu«c 
in outline, 11, indicate bar» of bUninth. The 
inttmisity of such « current, however, i» 
coin parati vet r fi^eb1e, and the radatABca 
whirli it exi>erjeuc«a iu tr»versiug even n^. 
tallic euuductora of cottaiilcrahlc di«iDeter,| 
sti^-h a» tJic metallic bars ihew^rlvos trliich^ 
arc nfcd in the ooustniction of the liattcryi 
bCiiouhly reducm itti povpr. MM. Nobili ajid Alellom ajipliod 
a tliermo ejiwtric battery, eonnistiug of 36 jiaini of Ainall h«n 
of bramutb and aiititDony, to thuruioaeopio purpovm. Stich a^J 
batti*rj- waa employed fci" th<^miOTnetno purpoaes, by Melloni, in hii^| 
invfHtijcntiotiA on radiaat beat, to the exclusion of almrwl mTty " 
otiier thermoPKvjpic means. M'ben the alternate jnTtctioiw of 
bars at earb n\t\ of the pile were coveml wiih lajn|iblack» a 
was obtained nhich ahsortxd the raflintiun^f prucce<lmjf from ftl 
Mirfucc the temjierature of which yrn» nxwth Wlow that of tl» 
luinian Iwdy; rren tlie amount of radiant heat emitted by inaecta 
cx>uld la- (T^timuted by eonnccuii? this batteiy »-ilh a i^vaiMmuicr 
<jf extreme senxitivmess. 

(a68) In connexion with l]ie«e thrimo-electric ofleets, a eurious 
oWrvation was made by M, IVllier {Ann.de Chlmif, ll,lvi.jj;y); 
whi-ti a weak current of oh^etririly waa transmitted through a_ 
oom]x>und har of bismuth and antimouv, from the autimoay 




6 

i 



^StiAXL KLECTHJCITT* 



411 



c 



Fio* at 6. 



AU 




■€> 



taU 



cUe LUniah, lu in No t iig. 215, a cbcrmoiiietcr, |>lAcet1 at tl»e 

pouil of jumrtion, wun olMc^rvcd id 

one cxportiiieut to rijw 8o^ F., but 

whcD the current ttab rei'cricd, as in 

Xo. a, ihc teiiiperaCurc fell &*'5 F, 

In iium<7 Utcr exjjcrimuiiU, M» 

Peltier Kiicccoded even in fn^csiu^ 

vnter plnLV*l in n cavity drillcl at tlio 

pDiDt of jdnftioTi of the two metaln, 

when the bar tra^ coolerl to 31* by 

immeruoQ in Know. WJk^u ff^ble 

cunimte of equal inteiunity are trjiiU- 

mittcnl tbroii^h a corapoimd metallic 

Ixir, ttlmlpvtr mct&U be employed, 

there U a diftiTCiicc in the tcmpcratiiru nt the [winta of jimcHoo, 

aeeorditif; to the dirtKtioii in which th« mrreiit is passing; the 

amouat of the diiferenee fif lem[>eniliire varyi^iji witli (Im: nn^tjils 

uliich are iiscd, and almost nnifomily the lower teniiM-nilui-e ia 

obtained wheji the current ia trananirtcd from the better to the 

worse c*othiliu't4ir of the two melds empWcnL lu tlic ca^e of 

biamuth, howi'vt-r, thc«e eft'cct* lire n^vt^rsvd ; the depression of 

temperature being grft»t«»t when tbe eurrcut pajwcs from tti€ bi»- 

muth to the auperior couductor. 
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5 VII, Animal ELtcTKieiTT, 

{269) Some fieib^ psirtiodurly the t<)rpedo, and tl*e elcctrienl €e1, 
{ffjfmHotHt t^lectrwia) liave the remurkulib; (Kiirer of K>'*^>^£ eUvtiical 
tthock^ lit plcnaurc, by meaiui of tax apparatus npeciolly adapted to 
tbc put^>oe*c< 

Tlie torjierlo, which is rt S|>eeie0 of ray, in a Itat I^Etli, toleralsly 
abuiutaut in tlic MfN^iterrxinenTi ; it i« proviil4«l wilb two eleeiricftl 
o^ana aituatod one on irturb ^dc of cho apiuf-v near thr head, 
twetipyiiig the vrliole tUiekiiL-4(H of \hc 6itb ; thefteorganH anp snpplii'd 
«ilb large thiek nerv«^; an^l iC huH been fiiund that on eiittiujf 
Uufxe iiervcA all vobmtiry electric power ccwv ; tint nreording to 
MatCeiKM^i, the irritation of that end of the cut urni; wbieb ia 
attaebed to tlie or^an iu a lively torjiciloj oe«^a^i>na the electnc 
diacban^. aJi<t even irritation of dctaehed i>ortioiia of tbe oncnn 
prodnccA coniraetiou in the lind> of a frojj recently kili«i. if tlie 
onind iicrvc of the frog be allowed to rcrt upon the oi^an of the 
torpeda The structure of tbc clwtrical oiigana i* geJatinoiui, 
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uid the mftterul u dirided by membnuiovw M-fte into 400 or 
500 pohininn, nhidi liave Monw resemblance to gminA of rice in 
appitiLrmi4^ ; tbrfv^ ooltiuiiitt run fn>in the Aoi^slI to the vectnd 
0urfftcc of the iivli, ajid «re about thc^ thiekncM of 1 ipoose-^itull ; 
the doraal Aiirf«re i» potfitivv, the rmtral m-giitiffr. The clectririty 
is mott Kirout^ly flevcJopcd ju«t at the points vlieir the ncnc« trnicr 
tlic orgaii ; & powerful »lux?k U rtK^eived on sunuhanccm^ly toiicb- 
iikg the back aofl the belly of the fj^li &l any part, but the AtoA 
ofriiuncd is stronger iuuuciliatclr over tbc two Of]^aiUL A 
ireakcr aLock is experienced on toucbiii^ diOcTcnt parta even of 
the mtne ftiirfiu^, siiK^e the electric ch&igc cliifrTH in intensity nx 
cliffernit poiutH of the- fuuc nirfoce. Prct|uf<?it rlibcitarfres exhaoft 
tbi^ liDimal quickly; the ftiHuwiR^' wf thi« dJwcliirRe i» nndrr the 
coiktrol of the animal, but not lU ihri-etion. ITic elertnc dijioban^o 
of tlie toqieilo are pailly dissipated wbeo the tish is iniiDnned in 
water, by the c^ndiKtin;; power of tbis liquid, ftiul Mnticucci crti- 
matcd il3at in nir tbe shock given by the aninal Is four timca ai 
powerful as wh<^ it is in water* 

(370) In tbe g}-iunotm» which i* a fr«ih watfT flsh, tolvnUj 
alnimbut in the mvn^fatu of Surinam, attd in tbe tributuics tu tlu: 
Onnoco, tlvcrc are four olectrieal oi^pui^ a Iat|^c aud a ainiall uuc 
on rnch ndc, ruiiuiit^ frtmi tbe bead to the toil of the mtionl. 
These organs, like tho^c of ihc torpedo, are supplied with ha^ 
nervevj and havo a mcmhranous structure, the tfcpta ruauiui; iaa 
more or le«s Wf^itudiiuJ rlircrtion from cbohcad lowaxda tb* tul. 
Thp longer ihe column that prtnlutHw the sltock the greater i» the 
forec of tlie doctiio iliMrbarKv : the anterior portkma of this anunsl 
an? poKitive to tbe po*ferior, so that the atrrtiisri-*t nbockft %tt 
oblaiunl by toiicbiiig the fi«b simultanennsly near ibe hi^ail aiul war 
the tail ; but Mht^trks more or less intensr may t>c obtaioed froiD any 
part of tW ImkIv, if the hnjuls be separalcd for a ahort di^taiict in 
the direclioB of tbe tie»d aiul tail of the animal ; acamOy any shock 
is felt if tbe hands be plaeed one on each side of llie fish at tbe 
•amr iliAtanccs from the bead or the tail. So f^reat ia tfi 
euer^' of the animal, tbat the S|>ccin]cn which iraa exbibi 1 < 
Addaidc Gallen', fcnly iiK*hcs in len^h, was calculated by l>r. 
K;tnulAy, at each medium dincluirge to cniit as p^at a forco as ibe 
lii^hittt ebai^ of a Leyden batU^ry of fifteen jars, expotviig 3500 
square incbca of coated surface* Shocks d:trertng in intetnitv 
witb the pmition of the observiT and his distance firom the 6sbj 
wi-re felt in all parta of the tub which tontained it ; this tub wu 
forty -ftijt indies in diameter, 'flw sbodia ftom the gynnoCns huTt 
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potrcT 9mflicK»it to kill or U> )tun finli: t3ic Mtmu diAcltnr^ pro* 
duco« A more powinfiU t'fTcct upon a Uu^ fish than it dtjc^n n^Hin a 
small oiM.% nmt.'o the Urr^r ULiuial oxf>o»eA a larf-er <H>udiict]iif; 
euHac4> to the v/aiet tbrougL the mau of which tho eltwtrioUjr la 
p&8Miu^, and coii*i?<jHciitly it rro<»ivc* n more viol<>nt xhock. On 
one occa^on whf^i a live fish u>Jt put into thf^ tuh, tlu? auimal u'jw 
accn hy Partula^ to (<(ul ibwlf into the form of a acini(?iFcl«, the 
lyiiiR a^^nirw tlir fJiamHpr : i\m jKmitirtii waai tW nnc mmt 
kTOunihUr t*> iUe fall effect of the electrical diackai^tc; n» inKUnt 
aAcrwunht the iifth Qoatcd motioulras upo4i its aide, dcphved nf lib 
by tlie ahock which it hiui rcccivtMl, ftii<l yni» then speedily de^'OLired 
by the pj'iaiiotnt. 

The flhock of botii the torpedo and the ^-mnotiin gives rise to 
monu-atiir}' currents suffideat to dcHect the galvanometer, to uia^;- 
uetlze a lujedUe, and to iIocoLii|»8e iodide of potasaiiun : from Ijoth 
species sparks have ako been obtained betwceD two insulated ^Id 
learesr properly comiectetl with tlu^ fisJi. 

(171) The yftutrnitir Current in Limng AnimaU. — The re- 
8carehe» of Mattcucci have abowu that in the living animal aa 
ekotrtcal current U perpetually circulating between the internal 
pomoii of a mu&clc, ami ]t» eitenial mrfrLoe ; a cuirent dni^ pro- 
bably to tlie elicnuciJ lu^lion* which are prothiced by the vital 
chanf^cs^ wlii(.'h are ci>ntinually ixrcurnn^ in the organic tiasiie. 
Thi4 ivrurc'H^ur atrrrrtt, an iL baa bccu Icrrneil, ceanc!!* to marilfcst 
itwlf in nann-Uomled aniinaU in a very Jew iuinutt» tidcr the 
life of tltc aitire Animal ha» terminnted ; but in coliUhlunlvd 
Vumala, and cnpennlly in tliu £vo^, tt fx>ntiniiCA far a unicli l^ni^cr 
period. Vital ooiLtriuTtility also coutuiucu in tliow anitnaltf fur a 
loogOJ* period tKuu in the blf^Uer ordcrrn uf tbo v(.Tt<fbrntn, and hcnoo 
tbo &og bail be«n exten^vely employed bi rea(?«xebvB of this di>* 
Rcnption. 

The following is one of the forms of experiment, d^^Tiirrl bj 
Matc^mcei, to show tln^ c3ti*twioe rrf the mnsrular current Fire 
or six fntgs are killt^l l>y diviilitiir tJie spinal colunin juM below 
the bead ; tlie lower htuba are removed and t)io integuments 
stripped off them ; the thighs are then separated from thr leg^ at 
tbe kiwe^joint, and arc cut ncro!<4 tnuuvcr^y. Tlie lower hidvn 
of t)«e»c prcpanxl thigliA an? tlieii pluecd upon a vamislied bodurd, 
sud so arranged tliat the knec^joiut of oiic Umb shall bo in oou- 
tact wiib tlie 1mne\xrae section of the next, and thus a muscular 
pile is formed comistiu); of ten or iwclvc elements; the ttnminsl 
pieces of tliis pile arc usdi made to dip into a separate amall cavity 
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in ihc board, in vhieh a little dislilM wal^r U p1ae«l. 
vir^a of a tonaltiv^ gAlntnoTnoUT be attached 1o n 
plfttiDUm plhtr«, null t1ic*(ft \\\nU% be pbmgfcl siniiiltancouAljr, one 
iato each cnvity in couiM^siou with the miaculiur pUc. ft dttvimtioii 
of the gulvaiiDnieto-T neodle vUl tic obMTved in a direction whi 
iiklicntca the exmtiiioe of a current po^tnK from Uie centre or cai 
tnuiAverse surface of the muscle toward* ita raterior* 

M. Dubois Rc^tnond, by the nsc of BtiU mon; sensitive 
mcnts, h&» vhoirii thut cvcti the «niaUc«t Hhreds of miwctilHr 
exhibit proof of tlie existence* (jf »iu:h a oiirmit, iM»d the cotirJ 
»on which lie rlrawa froin hU cx|>eTiniet4to i« the foUoviug. An; 
))oint of ilic mttural or artificial tonffitudtnal aectioii of a muscle i 
positive ID relation to axiy pcdut of the iL&tunJ or artilicial fro*^ 
verse section. 

IntorfAting ns thin subject ia in a diemiim) point of view, in 
conneiiioii with the diaii)i;ea whlkrh take plaoe iu the cirnilaciig, 
fltilda, it would he irrelevaDl to our preseut purpose to puntut 
further* The question bcloiigv more pruperly to the phy^ol 
tliau to the cheniiift ; and tlii: n.<wlrT wlio desires fuller ioformatloa 
upon thi» hriuich uf iniiiiiry is* rd'errcd to tlic lorious papcra of 
Matteucci, ia the Annates dc CMmie, and the Ph$io^Mphicci TVww- 
acihnf, and to the work cif M* J^jboia Bcpnoud, or to the nurv 
reoeul ajAt4STnatio trcatiw^e ou phyoiology. 
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(a7l) Injltitmt^ t»f Mognftifun on Pcfarij^eti Liffht trorumiftfd 
thrtftit^h I'nrri/»tnlli^rri Tran^arrnt HotJifji, — AUiwion has hem 
alrmdy niwie (lii) to a prt-uliiir kind of poljirivation to whirh 
lifht ia Hubjeet, when it ia trauxniilted tiroufrh eertnin tmnftpurmt 
media, which are under the iutluczicc of ina^cueta of hi^h |>0Hr 
Some traTi»|}ATent bodies arc better fitted tbui othen to i-xhibi^ 
this pliciioJiinitin. ^otao yv^n n^ Dr. Fanulay prepared a iieeik 
liar kind of ^\nst* for o|itiiniI puri>aMe!t; it oar^iii^U'd of a tiiixtur 
of uJicaie aiKl borate of lead and was uiuch diniabcr than ofili- 
B&TT' flint gliiM : thi« ^}ilm is particularly well adapted to di^^ay 
the cfTectti of mngnrtic polariKaticn. Let a piece of thhi gbfti 
which has l>een pro|jerly auiu'Jilod l»c cut mto the fomi of a 
redan^ilar bar or priaiu, terminated by dat j^jinLUel faces; andkt 
it be placed between the poles of a ponerful eJectro-tuagiMt act 
in aerioii, the axjjt of the prism being parallel to a line whieh joias 
thetwopolea, — iufaet in the direction of the keeper of ahone^^koe 
magnet, A ray of polarticid li^ht may l>c trausnuttcd along the 
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axis nf the i^livn box, nml if cxnmirK?^ b}' an snalysin^ plat« in 
the uKuul Euiiiiiicr (i 14) tbci li^ht will ili?(hp|N.-ur wIr^l clie plane of 
nflectiou Crota tb« tttiitl^^Tilu^ p]a(<; 1.1 nt nglit liii^lcn U> the pLuie 
of jH>UiriKatioia. If, uovr, wbtUt tlie polarijcctl ray in at tlic point 
of tua^diiiuiii ohaciu'Ation, the foft irou be lun^Lf^tir^c^d hy^ the option 
of tho battery, tbo Hght will inAtnntly' rcnppoar, und if whitc! lij^lit 
be tiw?d the pprtoctril my will he coloured. The moment thai tiio 
Coijnexir>Ti with the buttery iv brckc-n, the H^ht will Hi^app^ur, atid 
will Again bi^cainf^ vinible eaj^b Liirii? tiiat the iron i^ reui^erctl 
magnetic. If the north end of th« magiiet bu toirArdA tho 
oh*4pri'i*r, die rotation of the plane of polar- 
ixatiotL 13 to tho riglit, aa rcprracntcd in 
fif. 317, No. i» bat if Uie direction of 
tbo ma^ctUm be rcvened ao that the moiUIi 
Cod i« neorcftt the observer, the rotation m to 
the left &31 in No. 2. 

Different bodies, when placed between the 
pole* of an elcetro- magnet » posseits tbi* pro- 
perty of rotating; the ray in dift-nsut dc^rftes*, 

but oU singly re fntr tint; ^lidaaudUijuitU umiiifo-jdit: iu mftgiietii^l 
gMCAt *<'d in vacuOj no such effects have hcen (hscovered. The 
extent of the rotatioo i»^ catms paritna, dircetly as the iiitennity 
of tho maji^ctisni, and ut the Ictigtli of tlu^ nustium traversed by 
the ray. By plodng tli« tran»|mrent biHlicn in the kxim of « coil 
of vnre cou^'eying an electric cnrrent, the annie t^fTecL^ are j>ro* 
(luc<n1, but in a lower de^rtrc ; the more numerous the ooib of tlie 
bdisi, and Hit Iouk*^»" the column of tht tnui>»pareiit body wbieb l» 
tmvt'rst'd by the rny, the ^renter is the citcnt of the rotttlion. 
Wbctt an electric eunx^nt piu»ea round a ray of pobirixcd liglit in 
a plane pcrpcodicular to the dirturtion of the ray, it can,<ics rntntjcu 
of the my iu the aame diructiou uh thut hi tvliicb tbo current in 
puung, Tbu interposidon of bodie** which aro not nuiceptible of 
)nAgi»eti«in, between the eoil« of the helix btkI tie tran^pan^nt body 
piftctvl ill ito aiift, does not nennibly ntT^^rt. thr polarizing aetion, 
bill tlie interpositien of a hollnw iixin eon* Ix-tween the brlii and 
the Iraiwpareot iKwly in itn axin, greatly heig!iten« the eftV^rt 

Bodie?, Midi tt" oil of turi>entiueH whicli uiitnnilly prwluce 
coloured circular pi^lariiation (130) hare tbe power exalteil, anni* 
liikted» or reversed, acc^nlinii; to the direction and intennity of 
Uie clivlric eurrotit whiidi ia transmitted through the coil. The 
polrnhxation pnKluccd by ma^^nctisni dilfcn^ from the ordinary 
coloured circuljir polariEation fthown by c^l of tiirpeiitine, in 
tliU ictu&rkublu particolar — nz.f Ant the magnetic rotation ia 
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alwft^tt in tbc •ome ilirvctic^o ba UiAt or tbe uurrf-ut wkicU oirca- 
Ifttc* Ktouad tht QwL 

Lot e d, ^. siS, PTprc^cnt a tmsd 
filltfvl irtUi oil of tur]irntiiH^ rauinwnl with 
right liAndiid roUtion, nivl let a i^ be a potiu 
riittl my. If ibe raj proceed firom a lo 
the obeerrer at b. the rotation will of onime 
ippcar right liaudcKl to bim, aa «boini 
bjr tZic crircti; c; vid if from b \o a. Htm 
rotation wiJJ atLll kiipeiir rij(ht hft&ilMl 
to tlie obflener, as akoun by the circle d. 
If uow ft currcDt be pefiscd round ^ ^ in 
the direction of the drcular nrrow at c, the 
rotation to the o1v<rn-<-r nt b vrill npix^ar to be iiicrt»#ti<l ; while to 
an obttener at a, it viU a]j]>eiLr to be iii^utraliu!^ or rc^-civd. 

{273} Mai^ntHsni of Bodiet in yateraL — It vtm fonnrrij 
ima^iiwcL nnce iron va^ sosccpiibic of mAgcetism in a blgli 
dqpTc, luckel lu an itdVrior degree, ntiil cobalt m a degree still 
les3(, that all other jtiLlxftaticen might ti\%t} \)c magoctk, olUion^ to 
an extent ehj minute lui to eluile the urdtikan' iseanaof obKimtJOo, 
Moreover, a» exptTuuL'ut bmi proved \lutl a rcductiuu of t^iapm- 
tiue e^llA tht; iiittf;»(rLic power of iron nud of mt-kt-'J, it mcboI 
not ui\refi«ouahlc to anticipntc tliftt hj citrcmc dcprcAcion of loa* 
penttnrc a ^>iut might he attiuncd at vrhi«h cvcrj ^pccica of 
Biatt<:r would *how itstrtf obedient to the ni:i^net. Expcriinmb 
mado u|>uu thin BubJ4«t at very loir tenifierature» haro ao^ 
howsver, justified thoae oxpecttUiom. The employment of nu^- 
riet8 of nutiaunl power htt% on the *^thfT hand, rei'i?aled iLe 
exigence of n miseeittihilitf to this foree in Cftsd where un^er 
ordinary etrenmstinei'K it had not been oinenrcd. (Faraday, PML 

IJcforc wUertiiijf to theae exjieriinent*, it will he aihiMbk to 
ddiuo clearly the different part* of the apace betweeu the two 
pdles vhcrc the mafCtetic acttoa ia niaui< 
fi'3cte<L Let ua KUppoae that nc are looking 
down upon tlie polo« if a (fig. 319), of a 
powerful hone-fthoe magnet ; tlie apoc« be- 
tween them haa been termed by Faraday tht 
mnffwtic field; the line a x, will gtre the 
direction of its arUi the line k q, whki u 
in tlie aame honzonlal jdane, but at nffat 
angles to A X, will form the cquai^r of the 
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mAgnrtic fi«li). A bar of Iran Busp&nded bj itA e^titre above 
Hiirb A inftg;n«t, will taVo n horizontnl directjon paraUd to llie axU 
A I, Am) ix Kat<l ta point ajFUilhj. Rj twng fWtro-magneU of 
euormoiut power (254) niftny bodies uot iuuaU}' rcrputcd to bu i&a^> 
netLc will Ukke the aicijil iK>«[tioa, Itku a btr of iruu. For ciample, 
if ail ebu;f»t(^iL rrajrmeiit of tiicitiAtitc, Dr red oxi<lc of mn, whicb 
is indiffcrcut to a commoti tiiaiciieti 1>^ ftuHjiemled horitovitAlly at 
itA ccutre bj a few fibres of »iik between the \iCt\vA of auch an 
dcctro-magiict, it wUl poiot axialiy ; c^eu a sUeet of imliii^ pap<?r 
rcllo) up so as to farm a sbort cylinder will, iigvuiUy, onint; to the 
small {(iiaLtity of iron or cobidt tliat it contains, afisumc a similar 
direction. 

Fanwlay ha^ txitul a« a general rule tltut the «ntt« of tlic 
ma^i^tic meUtU tn: tlK^-iiweki'n magnotio, provided that itu'^ 
metiiltt enter into thc^ btun of thf; sult^i. For iiutiuicc, cry»taL-i of 
prot}flulphate of iron pl^ed in a thin glau tube, wlucti is 
uot ma^ctic, irill cauac ilic tube to point aiially. Such aaltd 
preaorvD iheir magnetic ppoircrlics oven wlieu 
dinolvtxt iu natcr: if the «oluttcn 1)c plao^^ in 
agta«s tul>coftl)€rorm shovn in tig. 2^0, the tube 
wbea »n,iiicuilwl by a Iwfp of Wjp|KT wi/c and 
a fvw tilin:^ of raw »i)k, will taku mi aiial 
poviiiou iK-twveu tlio puU.-» of tlicr mu^iirt. 
Bolutiotifi of sulphate of iitc-kcl uucl of sulphate of cobalt act iu « 
aanDcr aimiliir to tlvi; ^olutioua of tliv nalt« of iroti. The pure 
aalt« of chrouiioin and of maii^ncbo have in liko manner proved 
to bo ma^ucUc, aJid hciico thcMii tnetob thcmsclrcs arc infcnvd to 
be flo, atthongh, from thc^ high tcinperatnro rcc^uirvd to rodtioc than 
to tb0 metallic condition, it in almoHt iiupoiwible to obtJiin them 
lA «UGb a (itatc of clu?irkical purity an would enable the fioct to 
hi^ rrrriti'^l liy rx])crimcDtfi upon thi? n»!taU tliemadveA in an IXD* 
cx>inbiEe<l xtatc. 
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(X74> DtcmoQHetism. — All tbc magnetic bodies mentioned 
above are attnctcd indifTorcmly by cither ma^ictic pole; and^ 
if of clont^ted form, they place themselves with thcii longeat 
diameter in the axial direction when eu«|)ended by Uwir centre 
between two eontruiy magnetic p(^e». It ih, however^ far from 
being true that aO aubNtaiioe« are magnetic. Bodiftt exi^t, which 
whcu brought Dc«r to a insgnetic pole are repelled iuvtead of being 
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sttractcd : mcli Wntaiict^ ha%-c been tmncd Hamagndia, If a 

Fi«>»i. n Hilk fibre, mul from one txtrumity of tlic rtnw 

B niQiill |)iece uf pboApbonu, r, Ix* Hoppurtcd in cfl 
riiiK of fine copper vire, rcpulnhm of the pko*-^ 
pbonift will Iw produced imliU'erenlly bjr dtber 
p(4e. In 6Uch aii experiment it will be fonnd 
ocoivcnieiit to plucc n soft iron ftnnature, bcrdJedH 
ofT to m UutiC jxHiit^ upon the pole of the Bu^;t)et^| 
ill onlcr to coiicx ntmle the povcr, as tlic n.^>iilmo 
furcc i» v«r/ fixUe nbcu conparcd with the nltmo 
live |tow«r developfd in iron. If a Ktick of pbo»- 
pltonut i^ suspended between ibe two polea of the 
cJcctTo-magnctj it takes the et^r^toriaJ po^ition,^^ 
fiAsuming a dlr^tion ai ri^ht an^cs to that of a bae^ 
of iron, the pSovphonu Iktiii^ ixrpcUL<vl b^ eacb ]wle 
to the grcatrst lUstanc^ powiibk. rhwphoraa,it wilJ lie obscnvd, 
u a iion-coiL4]u(^Ujr of vlurtricity -, bat vuinc of tbct nti'ttds, of which 
b&titititb mid atiLiuiuiiy an; ihc moat rrnuLrkaMcj cihlbit this 
rcpuLtlnt zujtioa in mi eqiud dc|;rcc, Sub;iLiiicc'« of an organic 
Dature, oach as aUcie* of iv«>od, apple, put^iCo, or ftosh, likcwive 
ahovr thi» (UuDagnetic jiovnu-, tboti^U not atronglj-. In ftict, all 

h»ilit?a ifhiL-h are uoi raagnetiCj a- 
hibit diamajpietio properdeo, Owin^; 
to the fceblo amount of tbese repol' 
aivc actions, it i» neccnarjr to Acreeo 
the objects under cxpcnmoat firan 
tbr inflomee of nirrmtA of air^ 
by ^lUTOundin; theni with a glaau^^ 
naae, &a rejirfviMited in %. 221, i^^^l 
nbidx b repreaentA n W of bi«mtith, " 
or other diaiuajnictic bod?, deli- 
cately BUspcudcd by a fcir fibrva 
uuspun biIIe, c. 'Hie hiwiulh btr 
is »]ic\ri] in the cquaiori^] po#itaoll 
bctw<?cn the two poles of the clectio- 
ningiict, which })n>ji^t tlirough aprr- 
tiirett niiide fur their nxejvtioa in llie 
table. 
(275) Diamugneiiim of Casts, — The earlier experiiiienU>« upon 
the gaKHp owing to the rery amall amount of ponderable matter 
to be acted upon, gare results which aecmed to prore that tbey 
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were iiidiffercnt to the infliiciKic of the magnet; but ftu1»cqiu-nt 
rewarchcs have aliovvu tliat cvcu the diDcrcnt gBacs atii) vufimin 
arc »uMX7pti1>l<r of titc diainngnt^tic uifliK-iicc in a degree wliicii 
varies with th« imture of the gv». (PumdAjr PhU, Stu^., '^47^ 
zxxi. p. 40O' 

The gAdcs upon whicli experimenti were mndc liy Fnrtda/ 
appear to sUuid in tlio following order, b^uning nitli xhfy^ which 
are Icoat diamagnetic: — atiDOflpbcric air, deutoxidc^ ot' iuCix)gf*ti^ 
carbonic acid, iirotoicidc of tutrogoi, carbonic oitde, hydrogi^ii, 
coat giLe, oldbnt ^ms^ hy^InirhWric iicidf ammoniap aikd chlorine. 

tikvatbn of loTTipcnitiirc c-valu Un; diamagnctic condition, a 
tttn^am of hot uvvgco iippeu-iii^ tu bv duiinugnetic in an atmo. 
^1>i;ti: of CkM uxj-^mi. A sliuUiir rcaidt wcui Qbtiuticd witb all 
Mich i^oiaca im trtrc tH>tik|Mircd with catch uthcr tit high luid nt low 
tempcraturca. On tJio other hand, dcprcaaion of t^^mpcmtiirc 
lowera the dijLniof^nclii^ force, so that a ciirrcut t>f cooled gv when 
allowed to tiuvr iiito a waniicr iitmo!L|jhorc of the Htmo kmd, takca 
,ma a:(ial ixwition in tho magnetio Bcld. If a stream of ouo |;iu bn 
allowed to e*ca|>e into am ntmosplu-tt* of a weond ^uh more 
dianu^ottc daaa itsiclf, tho \vk* iViitmiy^vvitc giu tnkcA the axiul 
Litiodi; whm ihtnirniphmr air, for iiiHtatiicw, U mwlr to How into 
ga«, the nir takox tin; lUial or magnotifr pMition between the 
iIca; thoiigH air it^t^If ui^utd take iho e<|ijatnnu] position in 
oqrgen fpu. The diamAtEOctifim of gaaeA was fimt indicated in 

eii)oriDi<-nt by Uancalari: be Found that the Hunc of burning 

ies w&ft iutluenced by the action of a powerful elcctro-magiivt, 
Tliift effect ia l*cautifiilly caUibitixl by aimply ptacia» the (lanie of 
a taper, or of any combuBtibJc KubHtance, betwcnt Uw poles of the 
magnet, wbcn in action ; tbc flame ap]jeiin« to 1w rcpdlcd towarda 
cither side by the pale?, and if th«- niugnct W. Mifflciently powcrfdli 
the flame diridcK loto two Entreaim, which piu<A off honmntally, oue 
on eitlier »ile, in the mapietic e<|uater li' tJie ta|>er be citin- 
guiBhedi whilnt tlte wick still continues to glow, tlie nj»cejiditig 
ooluntn of smoke when placed between the poles of the inapiet 
exiutiitfl these motions etjually well- 

The following simple cuntriTance witt employed by Faraday 
to show the position a)«?iiiinctl hy the different gases. A bejit 
tube conveyed the gan for ejL|>eriment In a rery »low but continuous 
stream into the enitre of the magnetic field ; genemlly a picco 
of paper, roobteiml with u >oluLion of ammotiia, vrh> plaeol In tho 
bcut tut)e. Su]>]iO!«iiig i1m3 g«a tu be lij^Uter th:iti lur, thrve wiilo 
tubea> open ut each end, aud three or fuur iuclic^ long, were 
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ftispctided mh their loner apcrrturiA in tlie equatorial line, 

n!ptv«!iito(l m lig' 1:3, with the muldle 
tube just ftbove lite beot tube for the 
deli\«V7 of the fsm. In each tube aptcM 
of paper nooisteited with lijdnichlonc tcid 
vifta Buspcnded. Tlic wbole vns Hcrecncil 

VT<^^HS] bom curraiu of air liy piattf of ^». So 
1^^^^^^ long ftfi the tn>n ivilh uot mugnecised, the 
^^Pl^^"~ gui llovcil neudily up the axis of the middle 
tnbe; Init ou bnii|;iug tbc i-lectm-tuuf^uct 
itito actiOD, die gas, iiiHtead of pomti^ iljrrctlj up the ii.-iiLrEd lubc, 
•»a», wheu luora tU^utia^ui'tic tluiu mr, diverted into e-nc^ of the 
aide tuhca; aud the currciit« vcre reudcml risible by tlic white 
fuQica produecil iihcu tlu; auuuouia carried bj tbc giu cnmo into 
cootfbCt with the vapoora of the add oontaiiicd in the tuh& If 
the gn^ nti^cr expcrimfrnt wprc hwivicr thwi ntmovphcrtc lur, the 
pQniticn of nU tli^^ tiibcK woji invi^oil, uid, bt pliu?e of AAceoduij 
eumintit, tlcscciiding otirrontM were obtained. 

By suKjienitiiig it fbc)ily mai|^ietii* gli^iw tube, attncbed to the 
thread of u deltimte torKino bidaiKr^^ botweeu tlio magnetic polcnt 
uttfceanvely in oiyjfen and in twruo, M. K. Decquercl {Aiuc d§ 
Ckhnier III. xxviii. 314) found that the tube iraa Icca Mrcngly 
altnicttid in c»cygen tban iu tbe cxliaimud receiver, and by %-arymg 
the ocperiincDl in diffrrent wa>-» be succeeded in proving that 
oxy^n is a highly ma^ietie body ; and he hiu ealeulatei) tliAt a 
cubic metre of oxvf^rr, ^tijcb at '^i^ P. and 39 92 inchcjt Bar> 
veigli* ^1015 sft^'^^' comhrtijtcd till it tisd a vpeeilic gntvity nijiiat 
to that of iron, would act i]]>o[i a nui^iielic ueedic vitb a force 
equal to that of a litttc culic of iroti weigbin^ 8^ ^raina; or that 
the maf^aeti&m of oxygen ia to tliat of metallic iron as t : 2447, 
He computes that the ma^etic effect of the ojygen in the air is 
ix|ual to tlint of a shell of metollie iron qiv of a& inch in tbickacM 
»urrounding the globe of tbt; carth- 

The fttct of the mngnetiv^m of oxygen irik» Am Ktij^ested by 
Dr. Faraday (/*AiA3/cJir., 1^47), and itm amply [woved bj- him (/*Alt 
ly^ns^, t^j^ p- 2J), tndeperidentty of M. B^^uerel. He ha^ilUrther 
ascertained ihat, like iron, it \<m^ its ma^ictbin vtbcu atrungly 
heatcdj but recovers it wliea the nrmpciature fhlla. In this dimi- 
nution in niaf^etic intciiaity aa the temperaimc lisOT, he cousiders^ 
probably lies the e'xpbnatiou of the diunud vaiiaUona of the 
acedic, ilic cauac of wliicb liw* ao inach perplexed magnedo 
obocrverv. 
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(276) The foUowing table contains a list of Tarioue substances 
arranged in the order of their magnetic and diamagnetic powers, 
as approximativelj determined by Faraday: — 



Magnetic 
Iron 
Nickel 
Cobalt 
Manganese 
Chromium 
Cerium 
Titanium 
PalladiucQ 
Crown glass 
Platinum 
Osmium 
Oxygen 



Diamaffneiic 
Bismuth 
Phosphorus 
Antimony 
Zinc 

Silico-borate of lead 
Tin 

Cadmium 
Sodium 
Flint glass 
Mercury 
Lead 
Silver 
Copper 
Water 
Gold 
Alcohol 
Ether 
Arsenic 
Uranium 
Rhodium 
Iridium 
Tiin^ten 



Nitrc^en. 



It is worthy of particular remark that the same substance may 
appear to be either magnetic or diamagnetic according to the nature 
of the medium in which it is placed. If a glass rod be suspended 
horizontally in a vessel of water^ which is a strongly diamagnetic 
body^ it will point axially, like a rod of iron ; whereas the same 
rod, suspended in a solution of sulphate of iron, which is magnetic^ 
will point in the equatorial direction. In like manner a tube 
containing a solution of sulphate of iron will in pure water seem 
to be magnetic, while in a still stronger solution of the sulphate 
it will act as a diamagnetic substance ; just as a soap bubble filled 
with carbonic acid, which is heavier than air, will fall to the 
ground, while if filled with hydrogen, which ia much lighter thaa 
the atmosphere, it will aacencL 
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Air, in conM^ucnco of ita conUinmgoxygcti in an UDCOinbinffl 
c&nclittoa^ U m magnetic stib«tvic& 

(177) The $amt Bothrt in com&inathn mojf be Ma^ftit or 
Dlamagneiic nccortitn^ to the natttrt «/ the Compmmd, — One of tbe 
aM»t iDteittftthg pectf1iiLrit»e« of diamu^ccbm is cxiiilutefl ID t 
Gonutfince tliac the same body mav aAsume tbc magnetic or tlic 
diunBgDCtie fiiatij aotwrding to the nature of the componod wliicli 
It Ibmu. A metal nukj, for ei&mplc, occur as the txi^ ur 
doctro-i>osiliv<^ coiiMituent of a compound, or it inny «Dtcr iuto 
the pum|>«>:^LUou uf those nuUlJiiHXs which form the acid <vr dtjctrc^ 
negatirc oonvtitiumt of the compoand. A good illuAtriitkia of the 
difitrrenoc thu5 produc(>d occtm in thr ctac of iron, Troti acIa aa 
a hiMi in the <!rystnlB of pxrcii vitriol (FcO, SOj + 7 $ti:\), of tvliiclt 
tho meXaX torms about J by wc-ight, and ffiven to thum a decidwlly 
msgnetic pow«>r ; but in lli« jtJIott iiruuiate of poia^L (K^, Ve Cy^ 
+ 3 aq), wliioh aliia coiitutiB iroti to the extent of more ihsii j of 
ibi weight, ibc cryttaLn &ro diamngnetic. Tlie iron iu this cftKO 
oei?nni in tho pIpetro^npgntiTe comitituettt of the Hftlt^ and not a« a 
haxe. Jn thn^amcwar, hichromaie of potnAh (RO, sCrO^), where 
tbc eliromium forms part of the acid, is diamn^ictic, while llie 
Bulphatfi of cliromium (Cr^ 0^ 3SO1), where tbc metal acl» a» a 
baae, is decidedly ma)fiictic> Some of the ooropoumU of cobalt 
exhibit hiiaIo^us differenocat. 

(178) 111 pro^eciitinj? thia stibjcct, MM. Knoblauch and 
Tyndall {PhiL Mag., 18^0, vol. xxwi, p, 17S and xuvii, p. i) hare 
been li-d to the conclufiiou that a substance may appear to be eilheT 
m&j^iietif or dianuigiictie iccordinf; to the arraiigcEvctit of its com- 
poueiit jiartich^. It must not, however, be supposed that Umro 
is not a real distinction between tbc two clnjtM;:!^ of sut>rtanec»; 
but tbatr under ce-rtAin circnm7(tan(.T«, a truly magnetic body may 
ap[>ear to be diama^netic, and a body truly iliainagnetic may apiiear 
to be mu^ictic. Tlie foUo^in^ <■ x{K.'riiitehtA may be cited in order to 
ex|dain tlj]» point. A small flat circular disk waa prejiared with a 
paate of whcateii Hour; aud in this disk a uumlKrr of short pifccs 
of inni wire were pkccd^ all parallel :o each ctber, ami idl p,vving 
fixnii i>ue aurfibcc of tbe disk to the other, peq)eniUc]iIarIy to itat 
two taoen. Ilii* disk W3ut MUi^eiided from a fibre of wJIk, by its 
cd|(t?, lu a vTrtiL'ul dirtvlion, fx^tweeii the poles ef mi elect ro-niagnvt ; 
but tUouffh it wbA uiidijubtrdly magnetic, tljc: jjlate }ilaced itself 
with its iaces juirallel to the equator of the n^ognetie field- Each 
of the short pi^jcct of wire, howerer, hn<! njiiumcil the nxiai pocAtUoQi 
although the diek as a whole arranged itself in a diamoguctic pooitiob. 
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When ft ntnilar disk waa prc})arcd in which threads of btomutb 
were Hal>!<titutak for the iron wire, the disk placed ilfldf Ui tlie 
mupK^tic direction, iiith it» i'actM parallel lo tlte vtxia of the mag- 
UCTtii; fiirtd. Thr hiMnutli, however, n nnc|uc»tioiiiLbljr' diamuj^urltc, 
and eucJi of the pircr^ cf thi-^ mctoJ which the (date coutaiim 
aMum<ui iho dininxk^u'tio ilinTotion, 

The ccmcluiMoa which MM. Knoldmirh nndT^iidnU draw frocQ 
thp«e oxporimfTiitA is, ihut if, lu 4L mof^etie or i» a dtnmngi>ctic 
lUA^, thi'jo he one jjiuHioidar iltrecuoti iti whl^h thr j)»rti<'l<*n which 
compos? it are more cIcMoly approximntctl to t^cLeh otht^ thnti in 
^Lny other ^^ircotion. tlie line wliich eorrei^pondft to thU dirodioa 
of grcntCAt deiLHity will lie the one in which th(? mapiettr nr dia- 
mn^nctic ft^rtion ia indst strongly marked. One of the experi- 
nuiil* rimdc in support of tills virw is iho following : — Powdfred 
binnuth was formed hy means of giim^wnter iuto n mass HufE- 
etently colH-rent to be worki^l into n small ejrimdricnl bar about an 
inch k)njc and a quarter of un inL*h tliitrk. When tins rylimlcr was 
suspcml^ by it§ t*eutre in a hon3Mihl4i] rlirection hctwet^ii the poles 
of the electro*iDa^uet, it |>ointeiJ ec|uatoria]1y a^ an ordinnry (wr of 
bismuth would have dmic; but whcu this same (^yliudpr wnH eom- 
prc«sed lateraily^ so aa to form a 6at plate, it assamcd the atial 
position, though its length iu some ca^es was tcti timce as great 
as it» thickness. 

Again, cartjonatA of iron is a mngnetic IkkIj' : if reduced to 
fine jjowdttr, and formcil into a ej-lintter sifniUr lo th«t made with 
the blHmuth, it will |iaint axially, or like a magnet, fn^wern the 
polea; but if conipre^ted into a plate, tliia plate will vet equn- 
toriaUjr. Here, in each ca^e, those parts in whieh tl>e parttelcs 
of the bismuth, or the salt of iron^ are hy eompn^ssion broui^hl tlie 
ticure^t to each other, are t1ia>«c in which the dinmagnetie or the 
mngnetic action prodominitti-s< It w hy an ajipliejaion of this 
pririi^lplc th^U NfM. Knohlmirh and Tymtall account fur the fact 
di-'H-ovm'fl bv ritiukrr, that hi all cryntalhne hotlica whieh Wloiig 
to tho*e ayntcnu) which cxercinu » doubly refractive iniluencie on 
light^ tho optio aiitt oHiimeii a deBoite direction under the in* 
tlu<^uocT of thu €lL-etro-tiiJL^iiet. AMauming that the optic axis of 
a cryvud v* the direction tn which the paj'tieles of the orystal havv 
dxperieaeed the greateftt degrw of conclen«ilion, the effect* obtained 
by experiment admit of e^plaimtion. Tlie poiiition asMitmi^d )\y the 
optie arn is not nniJormly the same in rlinen^nt «peeimf'ns of the 
anme subitisfiec*, th^mgh in tlti^ Kamn Hj>eeimeti It tH alwarsi the 
ume. For eianiple : Icelaiul itpar, wlu^u pure, is a dianugiKttic 
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BiibsUruw, but, ifit contain c»r1)onate of iron, it 4!xh)1iitA magnetic 
Ikroivrti^H. In tlw Poiiree of tbcdr rciparchra, MM. KnoUflurli ftiid 
'Ij-uctall took pieces from scicral apcciiociu of Icdand sp^r, aawe 
of whtch were ma^ctici DtlicrB diam&gnctic. 1)ic»£ <]ilTcnnit ftampicft 
were cut into tlic form of duks, ov flat drcul&r plates, the ^iirfikoefl 
of vhicli ncri- pnrAltrl to tlic nptir axU of tbc crjslAls. Wli<^i the 
duk»wtTC «u»pciu1tiJ liorixOMlaily [it their ctnlrc* between \\ie polft* 
of an cWtrr»-imi^i(^, ho tliat tlie opiic axia of tho ory^Ud waa in a 
horizontal plane, each dit^k alvraj's easumcd a determinate direction. 
Wlieti tlie ditik visb taken from a ma^etic crystal, llic o]>tiG axia 
placed itself axially between the polc»; wbcn firom a dUma^actk 
cn^fta], the optic' a\is OfKiimcd the cquatohil direction. 'fbuA it 
appear*, that wliuther the eryMal hv: iiia^ietic or dianuipiettc, the 
action >» eihitnted in each nt^e most powerfully in tltt- dinx-tion of 
the o]>tic axU, which im a^uuied to be the lUii* iu vvhidi the 
partielea are mo«t closely approximated to ra^h other, 

(279) It has been aaccrlaiucd by E- Bccqucrel and by TTcdall, 
that the diama^etic irpuleioiij aa measuml 1^ means of the toraiou 
balance ia as the squane of ibc intensity ^f ;hc ciutctii. The 
phcuomciia of diania^ietUin may be acc^mitod for, as was rcinarlttd 
by FiLToHay, on ilic ftitppontion that electric ctinentJi arc circulating 
arouiid the partirb::! i>f the diomagDc^ttc 1>ody m a dirvctioci tbc 
rc^-cTAc of those ivhk'h arc snppoM>d to cxint in mn^ctic boilia^ 
and tb« 4:xp(>nineDta of IU-i(?h, \V«her, nad quite recent]^ of 
Tyudatl, ap|M.vLr to have reudered it bi;;)dy probuble, that botlies 
which are under diamagnctie ijiflneuee, exhibit polar characters. 
The qnctstion, however, is still under inic«t ignition, and nia^ be 
expected ere lon^ to be dcfiTiitcly aettlwl. 



(280) At/rrti> Quanta^ of Force: Tn/ififtrttr/ibiUfy iff Ftyrtt: 
Mutual IMat'tom of Diffrrrni Kinthof Forrt. — The progrCM of phi- 
lo»opbicul inquirie!< for many years titL-H \ia^ IkM-n of «acb a tiatitre 
as to produce a KrovLnjt oomictlon in the minds of the artiv 
cultivators of ficitnce, that foi-ce ia ecpially indesiructihle witl 
matter; and that, conflcqueutly, the amount of force vlucb ia i 
operation in the c&rtb (perhaps bi the solar ^y^tcin)^ it^ as detinrl 
at tliat of the material elements Ihrougb which its existence 
made known to un. 

Th^t the fjuaiitity of fcree aaaociated ivith matter in definite^ 
may be iDuHtratt^ in variouawaya; <»ie or two examplca mnat 
sutlicc. The first which we will aekct wilt ahew the fixity iu the 
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pnFporticm of heat whicli is a&mciated vith a given quantity of 
loiittcn A potind of chftrcoal^ wbcn burticd with a free supply of 
air, coiubuhi^ wilh 2J lb. of oii^cd, and |>rodupc-« jj lf>. of cuT" 
bonic itcid. The clieuiicaJ action produced b^ this combn^tioD xb 
Dtt<?ttd<^ iritli Uic extrication of n dcHnitc cpinntity of bent : atad 
tLb umoiint of heat, if it be npphccl ^tliont loa», \» sufBcioiit to 
coiirort [ zi lb. of vntn' at 60^, into Htnun nt 2 1 2*^ F. 1 iwaociikt4id 
vriih vwfh ptnind cif cKarciHtl tUrrro tnuat tUi:!nTfuirc 1h-* a dcfiuito 
aiDouiit of pcwcT whidt is 1>roiif;bt lut^i aotiuri whvD that charooal 
is hunied. A diiTert-Eit httt «<qually definite amouut of h«at ia 
^initt<?d when n putnid uf pho<ftphonia, of ftuljihnr^ of hydingeii, 
or of fluy Dtlior ci>iiihii>(tible is humod 'iritli fi^-e jutccm of air. 
The (|iiantity of rleotnrity anmriatiKl vith a girtn quantity of 
r matter 10 oquaUy definitfi. When a picoc of amalgainatcd wtc is 
pLivCed ui voltaic relation with a phkti; uf pLititium in dilute »ul- 
pliuric acid, for each pound of xino which i^ dmotved, a quantity 
of eWtridty ii^ libcrntcr), hv inv\wt of wliioh a pound of metallic 
copper Diay bo t^rparatc^d frtym tlie n^fhiLiou of a AutHcieiit quautity 
of the aulpluLU^ of copper, rr 3 J lb. of »iher may be reduced from 
a solution of nitrate of rtiU-er. 

But it appears further, that there is na such thtn^ aa a 
dMrtictioa of force. The caaes in which a aupcrBcial o^atniii&tioD 
won)d lead to the eoncliisiou that force is annihilated, show on 
closer iuvc^ti^tion that such a Eupixjsition i» urruiitioitK. Tho 
only mcKle in ^htch we can ju(1g<* of Hxe exiftteuce of a force ia 
from the cifecta which it producn^, and of theae effects tliat wliich 
ts modt tiuiverwU ih the |K>nt;r either of producing motion, of 
ant»tin{? it, c^ of altering ita direction : wliatcrer pos4c&scs tbia 
power bf» been looked upon as a form of force. Motion ik eoa- 
Mqucuily looked upon ati tie eif^al of force. There i^ no ihlticulCy 
in idiowing that gravity^ elasticity, cokc«ion and nilhi^oiif uw alt 
forccK in ihe »eiiM: of ihe nhow dpfinitiou. Rut irv'<;ii tlic more 
■bth: and roinplr:i af;i.<riUf lights hriit, vIctrtricLty, tnu^aetiani ai>d 
cbcmical afBtuty, arr all o.-ipahlc? of originatiii^ motion, and may 
ikxib fairly be udmitto) audt<r th<i dL^fiiution of force above g^iven. 

If ve exeepi tlie ctuo uf lif^ht, fur w'hicb it prceeat, vti€D tc baa 
diAAppcared hy alwoqitiuu, no iiatutfactoTy »ocount baa yet beetk 
givwi, it will 1m found that in all caiw* in wbieb foriH> dMppcaxii, 
it haa expended it«etf either in eliciting or ncttinf into artioii an 
oqitivalpnt amount of Korne otber force, or i^Imt it \\t» trtniKiranly 
<lijap]M«r(id in prodiirin^ a dHinitr amoTint of motion. In thn 
it i» crtpecially to bo rt^markisl that the uniouut of inotiou 
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vhicb it hna thus Inxm^ht into »cdoii, «bcn tliat motion U dc- 
Htroyeil, viill ns^'tii f^lvc riAC lo an eqtivil luiiouDtof ihc foix:e vrliicli 
OTigiiiftlljr [iroduced it. 

For eKAmjilo, tbd diemiciil oM^tion bctwcm cIiuyxmI fttid 
oxv^n terYniiiAtm 3a fv>ou a8 tUo charcoal ia wlioJIv CfOtiveHiNl 
intii CArWmr arid ; ond s <)iiiintity of bi*nt, whiHi i« eqiiK'nliMil to 
thftt niDount of cHoniioil A<<tioii, rcmAinnafl Uic rrprc^trtitntiri^of the 
farevi tluw rxpfrnrf***!. "flic lirnt wIjic^K hn^ thtw hmij ili'\i'ln|M>(l, !» 
ready to ilci nt)i(T vork ; it mnv W c-mplnytyl in 4?cinvt-iliii^r a cer< 
toiu i^uAnUty of watiT into Mmm, mitl tbir ^teftm no olrtaincd can 
be Applied to tbe prodtiHioii ut Tnoti'iu, the «niount of ithirb may 
be measured by Ut-U'nuaiiiig the number of iioiwds vcight whicb 
can be lifled tUrouf^h a ^ven dLntaDcc by t)ie steam thus pro- 
duced. Moliou may a;ri»iii l»e made to produce heat^ and, u Mr. 
Joules experiments a|i[jear Xa sliovr, the quantity uf hcut tbm 
ttcvdopcd ifl Btrietly determined by tbt* amount of motioD whicti 
ia applinl to iU development. 

It ikp]ii--nrv^ however, not only tlint fomo ifi d«*fiiute in ftt 
amount, utkd imivvtnictible in it« essence, but tliat many of the 
more iTii]Htrt:int viinetLiii of force aro iiitiniatc*ly related, and hxe 
capable of mutually eltititing each other. Tlie forces ani0D|;it 
wbicli eucU mutual lelatioTi* have been experimentally prDved 
to exist in the eloseist manner, are those of Ujrht, heat, electricity, 
mn^uniism, and eLemic&J afGnity. The tran^ifi-r of any one of 
tlicw forre* Irom one point to another, or in other vonU, the 
motion of any oitc of theae forces, is always altemlcd with a 
ooLbiieral iiuinif^!«tatiuD of one or more of tlie otlK^r forms of 
Jbrce; pn^bably, if our knoulcrige of tbc tieccsttaiy oanditiooa 
were monf jK^rlVx^t^ it would be found po-«»b]c to prodiKC oil the 
fi^C iVircca bimultuucuu!«]y. Stnnrtliin^ (vf thJa kind i^ iiHlcvd 
nianifestcd in the ocrcion of a nm|>1« vc^taic circuit, ooDHiatlui^ of a 
siuglc }]air of plates uf zinc and platinum. Tn thia cnao tlie miIu* 
ti<m of a certain i^ttanlity of sine, or the e/n-ptical ttttitiH Ixrtwem 
tlic nno and the neid »oU free several forces — da.: i> Kiecirititf^ 
the qiintitity of which in dependent strictly upon the quantity of 
%xnc. whieb i* rUnwdvi^d in r«*h cell- 3. Vht-miml acti<m : if a n 
vnlbimetcTj eliBrK*'d with Kohttinn of luilpluitr of cvjjipi-r^ lir inter*^| 
jiosteii in the cireuit l^twern two ehTtmden of nipjH*r, a e<*Ttain^^ 
quantity of oo;>per, correvixinding to the fine whieb li Winf di^isolred y 
in the battery, will be deposited on one electrode, whilst a oorre-^H^ 
sponding amount of copper will be difsolved from the otiicr clerrtroda^| 
Here id u chemical actiou, which corrcspooda in amount to tUa^H 
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whkli 19 Uking place in the cells of the Iwtlory. 3. Magnetism : 
if tlw connecting wire be coiled round a piece of »oft iron, the 
iron irill hocomo powtrfiilly miLgnctic for ihc timt* rfiiring \rUich 
the cunwit ii* Irftvt^fitiug the conduttiiig wire, Tluit tbt* amount 
of tills magnetisiD w ddtniU' niuy be hIiowii hj- eAiuing tbc currcut 
to traverse the wire of a t:iTi^i)t gjilvaiioiiicUT, wtiich t% intro- 
duced iu(o tie divult ; u ihrviution (tf the m-ixlli*, lii nn eitent 
dcpoiiduif? ou ttie mnouiit of 4:hemk3d aclioii wliich U WTuurnug 
in the b*ttcrv ut thu time, will Iw jmxliiccd, 4. Ifvct : if, 
whiUt the voirninctcr, tbe elect ro^niagnH, and the (^iiutuiiieter 
%re HtiU Inchidcd in the circuit, pnrt of tLc circmt he cou]|JO0cd of & 
tliin Wire wliich trnvcrw^ tbc bulb of Elarrie^ft air tlcnnomcter, 
an clcrntiou of tcm{>rrjiCiiro in thi^ viirr-. proportioned to the amount 
of clrotrtt-itv in circulation will lie aljtmiK^t ; anil ■;. IJffftt ^ on 
int^rnipting tbe <^innrxi(>n of *ny pn.rt tyf thp citv-Lit n hrtght 
Bjiaric lA olitiJn^d. Tht rh*"mienl nrtion, thtt Hpotripitr, the 
magn<ni*m nml the he»l, are Mtrirtly pmjmrtmTial to rairh oIIht, 
The amoiuit of light at proAent lifis not liwy) mnufurvrl nitli ftuf- 
ficieul accuracy to enahle us to state that atich n ali«o the rase 
wjih rcs^rd to it With % compound circuit very mlcrise develop- 
nicnt of light and hcnt may be obtained between two charcoal 
points. BLmultaucoufily with the electrical, chomicnl, nad magnetic 
cffi'ets", hut in this case the relations to the total quantity of linc 
di-Hsolvcd arc diflcrvnt (2^6). Chtinicnl nfhnity, tlieu, whilst lU 
0|K:raCioTi, can throv a current of electricity into circulation, ami 
a current of electricity will <)cvcliip an equtTaleiit aTnoiuit of 
magnctiftm in a direction at right angles to sucb current It 
Uto produces heat in conductors pmportioncd to the reaistanec 
which it Gxperiencea, and if the heat be HutKcicntly intense it 
produces li^ht 

f^rsday has shown that the eJcctricify (hn-eJopcd by friction 
in ihc ordinary electrrcal machine iimdiut^ a corrcA|)cnding 
amoujit of magnetic aeti():i un the necdh'. <jf tlie gaJranomcter tnd 
an equivalent amount of eliemical deeompo&itlon in clcetmljiea 
thmu^j^h which it in tran*>mittei3 ; uliilst in the fusion of metallic 
win>i wc have evidence of iU healing power, and in the electric 
spark we see its agcDcy iu producing light. 

The cxi>erimcDti» of Poraclay, fitllowr<l by tha%c of other pliilo- 
fOphera, Larc proved thnt the motiou of a mn^ict nf a gii'cn strength 
imder certain ronditiouH, produce*, in a doau'd metaUIc conductor^ a 
definite current of clcotrlcity, aiid through the cleetrieily thiw set 
in motioa, light, beat, and obeiuical action ma^ be derploped. 
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On the other bandj heat may he made to develop electricity ; 
and the thermo-iuultipher (267) of Nobili and Melloni shows that 
the current of electricity which ia produced is exactly propor- 
tioned, ctBieris paribus, to the amount of heat by which it is excited. 
The ignition of solid matter shows that heat may elicit light 
under favourable circumstances. It further appears that beat may 
excite chemical action, and ss it may also ^ve rise to a current 
of electricity^ through that current of electricity it may produce 
the development of magnetism. 

Light may produce important chemical actions, but these 
actions only in a few casea develop electricity, magnetism, or 
heat. The definite connexion of light with the other forces 
and the quantitative valuation of that relation still remains to 
be brought out. Indeed^ the subject appears to offer a field for 
research, difficult, because as yet untrodden, ^ougb full of interest 
and promise. 

The reader who desires to pursue the subject of the mutual 
relations of diflerent kinds of force, is referred to an interesting 
essay on the subject by Mr. Grove, entitled On the Correlation of the 
Phymcal Forces. For farther information on the other sulgecta 
which have been treated of in this chapter, in addition to the 
papers already quoted, the student ia referred to the important 
series of memoirs by Dr. Faraday, published during the last twenty- 
five years in the Philosophical TrajiaacHonSy part of which have 
been reprinted in a separate form j or to the Treatiaea of Becquerd 
and De la Rive on Electricity and Magnetism. 
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